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INTRODUCTION. 

picture the changes taking place muscle after interruption 
the nerve supply would invaluable the treatment 
peripheral nerve injuries which long periods denervation are often 
encountered. 

spite repeated investigations, knowledge the essential nature 
and rate atrophy muscles after denervation still incomplete and 
the subject controversy. Most the information has been derived 
from animal experiments which have been concerned with the earlier 
histological changes; for example, Ricker and Ellenbeck (1889), Gessler 
(1883), Boeke (1916), Schmidtmann (1916), Willard and Grau (1924), Chor, 
Dolkart and Davenport (1937), and others. The course atrophy the 
cat’s muscle one year after denervation has been described 
Tower (1935). 

Experimental studies re-innervation muscle have been made 
Tello (1907) and Boeke (1916), the time denervation being short, since 
the nerves were interrupted close the muscles. The re-innervation 
muscles the rabbit after varying periods denervation was observed 
Gutmann and Young (1944), who showed that the process varied 
according the time which elapsed before the regenerating fibres reached 
the muscle. 

does not follow that the changes which occur man are necessarily 
the same the rabbit; for instance that the rate atrophy 
varies with the species, fact which probably related differences 
basal metabolic man, atrophy has been studied chiefly 
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material obtained from cases anterior poliomyelitis (Kopits, 1929). This 
not altogether satisfactory since the exact time denervation and the 
extent the damage the anterior horn cells are not known with cer- 
tainty, nor are sure that regeneration ever occurs. There are apparently 
very few observations re-innervation human muscles (Blackwood, 
1944). 

investigation biopsy material from patients with peripheral 
nerve lesions might well fill some these gaps our knowledge and 
supply useful aids diagnosis, treatment and prognosis. this paper 
attempt has been made answer the following questions: (1) What 
the nature and the rate atrophy man? (2) What changes take 
place muscle after re-innervation? (3) biopsies give infor- 
mation that will value clinically? (4) so, what criteria 
the chances and the degrees functional recovery predicted? 


* 


140 biopsies were taken operation from cases. The size the pieces varied 
from mm. length according circumstances, size and type the 
muscle. The larger the specimen, the better. The tissue was fixed per cent. 
formol-saline within five minutes, after being placed piece cardboard 
prevent distortion. Frozen sections were cut and most them stained 
Bielschowsky modification (see Gutmann and Young, 1944) which the nerve- 
endings and cytoplasm the end-plate, the cross-striation and the nuclei the 
muscle, and the connective tissue are shown clearly. Staining sections with 
toxylin-eosin sometimes gives better definition the nuclei and demonstrates intra- 
muscular hemorrhages, and interstitial infiltrations which might escape 
detection silver preparations. Van Gieson’s stain and Sudan III were used 
stain connective tissue and fat respectively. 

Interpretation structural changes muscle-fibres not always 
easy; particularly difficult compare specimens material fixed 
different intervals after biopsy autopsy and probable that many 
mis-interpretations have been due this. Thus vacuolar degeneration 
has often been described denervated muscles (see but this may 
found normal muscles where fixation has been delayed. 

Most the discrepancies descriptions denervated muscle-fibres 
are concerned with cross-striation. Since this presumably great 
physiological significance, any change observed may important. 
Reports loss the cross-striations, which are based only 
stained preparations, are unreliable. Many preparations which not 
show their cross-striation when stained are fact still cross-striated when 
examined under crossed Nicol prisms. 

This investigation concerned with the state the muscle and nerve- 


fibres. must pointed out that biopsies give only isolated samples 
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the whole muscle and the innervation muscles has been shown 
zonal (Weddell, Feinstein and Pattle, 1943). Although can certain 
seeing neural elements taking pieces near the points entry nerves 
unjustifiable, should recovery all possible, deliberately excise 
muscle from this situation. Hence not surprising that some specimens 
failed show nerve-fibres, Schwann tubes end-plates. However, few 
specimens showed neither nerve-endings nor nerve-trunks. Out 
biopsies normal muscles showed innervated nerve-trunks and only 
showed both end-plates and nerve-trunks. Out 140 biopsies from nerve 
injuries, showed nerve-trunks all and only perivascular sympa- 
thetic nerve-fibres. Together these represent per cent. the total. 


The muscle-fibre are probably two sheaths surround- 
ing each muscle-fibre. The first, the sarcoplasmatic membrane (Gutmann 
and Young, 1944), thin limiting cell membrane which cannot 
clearly defined histologically although its existence suggested physio- 
logical data. The second the sarcolemma, easily visible layer com- 
posed collagenous tissue, best shown the late stages denervation 
where the sarcoplasm has retracted leaving the sheath clearly outlined 
(see fig. 44). 

The contractile contractile portion each muscle- 
fibre composed material containing long particles, whose arrange- 
ment and structure accounts for the longitudinal and transverse organiza- 
tion the striped muscle. longitudinal organization into myofibrils 
not usually clearly visible, the units being tightly packed normal 
muscle-fibre. The transverse stripes, visible fixed and stained prepara- 
tions, and appearing alternating dark and light bands polarized light, 
are due the regularly alternating configuration the molecular chains 
(Schmidt, 1939). The common findings are those described Jordan 
(1920) the “mid-phase contraction,” that is, the anisotropic (Q) bands 
are divided into two dark borders intervening pale portion (Hensen’s 
disc) (fig. 1). The latter may intersected fine line (the disc). 
other muscles only homogénously dark bands are found alternating with 
the light (J) stripes. The muscle-fibres are straight, with only occasional 
spaces between individual bundles, and these are probably due the 
effect fixation. wavy arrangement rarely seen normal fixed 
material. The diameter the muscle-fibres varies, the mean diameter 
100 muscle-fibres, measured gastrocnemius was 

The sarcoplasm.—The sarcoplasm substance clearly seen only 
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the end-plates where appears granular, stains darkly, 
surrounded the end-plate nuclei; also forms narrow halo round the 
subsarcolemmal nuclei. Sometimes thin layer unstriped material 
can found beneath the sarcolemma; this becomes more conspicuous 
denervated muscle (see Gutmann and Young, 1944). 

Koelliker (1857) was the first report granules arranged rows the 
muscle-fibres. Later Retzius (1890) called these structures sarcosomes, 
thought that they were held place fibrous network. Their 
existence vertebrate muscles has been denied Bell (1911), although 
they have been described and studied detail insect muscles Holm- 
gren (1910). found that they were regularly arranged the level 
changes them during contraction and relaxation the fibres, and 
therefore considered that they must importance the metabolism 
the muscle. The morphology and function these granules still 
obscure (Bullard, 1912); Arnold (1909) assumed that they contained 
glycogen, and Jordan (1920) thought that they were more closely related 
fat globules. 

silver preparations normal human muscles, granules can some- 
times seen lying the borders the bands. They are about 
diameter, evenly appear almost uniform size, lying 
opposite each other either side the clear Hensen’s disc (fig. 2). This 
regular arrangement suggests that they represent the bodies described 
insect muscles sarcosomes. 

The number nuclei human muscle very great, and 
two main groups may distinguished, the first being found the 
muscle-fibres themselves and the second the interstitial tissues and 
nerve-trunks. The subsarcolemmal nuclei the muscle-fibres vary 
shape, some are oval others are nearly round. surface view the 
elongated ones are usually about long. The nucleoplasm clear 
and contains one two nucleoli. unusual find centrally placed 
nuclei the muscle-fibres. The true end-plate nuclei not differ essen- 
tially from the more round muscle nuclei (Gutmann and Young, 1944) 
which are about diameter. They stain more darkly with silver, 
are plump and round and contain one, rarely two nucleoli. They have 
conspicuous arrangement, surrounding the darkly staining end-plate 
cytoplasm, which stands out plainly the muscle-fibre (fig. 3). The 
number the end-plate nuclei varies; counts from plates gave mean 
value 

addition the inner true end-plate nuclei the region the 
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termination the motor nerve-fibres, there are the outer end-plate nuclei 
formed fibrocytes; these are irregular outline, with finely granular 
cytoplasm (Gutmann and Young, 1944). The darkly staining nuclei 
the Schwann cells may also found the vicinity the plates lying 
close the entering nerve-fibres (fig. +). The nuclei the endothelium 
the capillaries are irregularly oval, and contain two three nucleoli. 

Innervation the innervation the muscle-fibres 
essentially similar that seen the rabbit (Gutmann and Young, 1944). 
The nerve-trunks contain axons large diameter, with thick myelin 
sheaths. The terminal branches innervating the end-plates lie near 
the main trunks (fig. normal muscle, axons rarely run for 
long distance between the fibres before making contact with the end- 
plates. The nerve-fibres are large and thickly myelinated down the 
point where they make contact with the muscle-fibres (fig. 6). There 
stereotyped pattern endings; the termination the axons usually 
the form tapering points (fig. and occasionally rings discs may 
seen. Axon branching before the plate even more unusual than 
the rabbit. Occasionally muscle-fibre with two end-plates has been 
seen (fig. 8). 

has exceedingly rich blood-supply. Arteries 
and veins run side side the perimysium. The capillaries form 
numerous anastomoses, thus making complicated network surrounding 
the muscle-fibres. They run straight lines and the diameter the 
lumen fixed preparations about (fig. 9). 


CHANGES MUSCLE AFTER DENERVATION. 


The cases studied this section are those which innervated 
nerve-trunks could found examination. Complete 
interruption the nerve was confirmed the findings operation, and 
histological examination the lesion the main nerve-trunk. the 
most long-standing cases few very thin nerve-fibres were seen but there 
was evidence functional reconnections having been formed. 

Histological evidence atrophy muscle not itself indica- 
tion denervation; one must look for the remains the neural elements. 
The Schwann tubes persist after degeneration and removal the axons 
and the myelin sheaths. Empty tubes therefore provide conclusive evidence 
denervation the sample muscle the time biopsy. 

For convenience, the changes following denervation are described 
four phases: (1) Those occurring during the first three months; (2) those 
from four months one (3) from one three years; and (4) from 
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three years onwards. must understood that these divisions are 
arbitrary, for will seen that time not the only factor influencing 
the degree atrophy muscle. 

(1) Changes during the first three months after 
shortest periods denervation this series were forty-two and sixty-nine 
days. profound changes were seen the muscle-fibres. The straight, 
compact arrangement the fibres and fibrils was loosened, they pursued 
wavy course and spaces were found both between and within the fibres 
(figs. 10, 11). Although spaces are sometimes seen between bundles 
fibrils normal muscle, they are more frequently found after denerva- 
tion. degenerative changes (such hyalin, granular fatty degenera- 
tion) were found the muscle-fibres, and the cross-striation 
defined. 

the early stages denervation the sarcoplasm the end-plates 
was still conspicuous and stained darkly with silver (fig. 10). The layer 
sarcoplasm which surrounds the muscle-fibres more clearly seen 
denervated than normal muscles (Gutmann and Young, 1944) and 
forms clear halo round the subsarcolemmal nuclei. 

most the muscle-fibres, which were the mid-phase con- 
traction, the darker edges the stripes were covered with fine, regularly 
distributed granules, which some preparations were now more clearly 
defined than normal muscle. These granules have affinity for silver, 
and are well defined silver preparations, but they were sometimes 
faintly indicated sections stained with 

The changes the nuclei were very conspicuous. Chains sub- 
sarcolemmal nuclei gave the impression numerical increase. This. 
however, could only proved counts comparable normal and 
denervated muscles. Ricker and Ellenbeck (1899) and Schmidtmann 
(1916) have described increase the number, but Willard and Grau 
(1924) found numerical change the nuclei the muscle the 
mouse between three and sixty-three days after nerve section. Two, 
three, even more the rounded and oval muscle nuclei could seen 
lying together clumps rows (fig. 12). Often the nuclei tended 
take more central position (fig. 13), unlike those normal muscle 
which are very rarely found this situation. some nuclei granules 
were found scattered throughout the The number 
nucleoli had increased from the normal one two one four. The 
characteristic arrangement the inner end-plate nuclei was preserved and 
the number had not changed although they lay closer together and 
stained very darkly with silver. Some the nuclei were irregular 
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shape. Tello (1907) found increase the number the end-plate 
nuclei, whereas such increase has been described Gessler (1883) 
and Boeke (1916). Gutmann and Young (1944) observed change 
number the true end-plate nuclei but noted increase the outer 
(fibrocytic) end-plate nuclei. 

the first stage denervation, the outlines the single Schwann 
tubes the nerve-trunks can clearly distinguished and the individual 
Schwann tubes leading the old end-plates were visible (figs. 10, 11). The 
original pattern the Schwann tubes was still maintained and did not 

The arteries appeared thickened, the media was hypertrophic and the 
lumen narrowed. The veins were usually dilated and filled with blood- 
corpuscles perhaps indicating some stasis. The capillaries stained more 
intensely probably owing thickening the endothelium. The 
pattern vascularization resembled that normal muscle. Changes 
the vessels are importance they may affect the metabolism muscle. 
Jamin (1904) found thickening connective tissue surrounding the 
capillaries the first few months and Kopits (1929) described hyper- 
plasia the media the small arteries later stages denervation. 

the early stages denervation, there appears little increase 
connective tissue and fat, what increase there is, found round the 
larger vessels and much lesser extent, between the muscle-fibres 
(fig. 14). Collections white blood-cells and fibroblasts were often found 
round the larger veins; many lymphocytic infiltrations were seen usually 
round smaller vessels. 

(2) Changes from four months one year after the 
end this period the muscle-fibres had undergone considerable shrinkage 
(the mean diameter 100 muscle-fibres measured flexor carpi 
ulnaris about one year after denervation was and many fibres small 
diameter, were found), but this had not affected all fibres equally. 
There were groups extremely thin fibres scattered between those 
rather large diameter. Variation fibre size found normal muscle, 
but was a-striking feature this stage denervation. 

Cross-striation was intact, but stained preparations was some- 
times pale and difficult distinguish; there were few fibres which 
the transverse bands were absent, whereas the longitudinal organization 
was now clearly defined. The fibres were all seen cross-striated when 
examined polarized light. The absence cross-striation stained 
preparations undoubtedly more common denervated than normal 
muscles and may indication disordered submicroscopical 
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structure. Fischer (1941, 1943) observed diminution birefringence 
muscle-fibres the later stages denervation. 

some muscle-fibres the size the granules was larger and 
distribution had become more irregular, particularly some the thinner 
fibres which they appeared black dots, still lying groups the 
levels the bands. 

The arrangement the nuclei rows was even more striking than 
earlier stages (fig. 15). The elongated subsarcolemmal nuclei still 
showed considerable increase the number nucleoli, which were 
irregular shape and often larger (more than than normal muscle- 
fibres. nuclei could still identified their characteristic 
arrangement, but the sarcoplasm was disappearing and had lost its 
characteristic dark staining reaction (fig. 16). 

The main pattern innervation was still unaltered (fig. 17) but 
was hardly possible follow the individual Schwann tubes their 
end-organs. larger trunks the single tubes could still distinguished 
(fig. 18) but many smaller tubes were completely lost the increasing 
connective tissue (fig. 19). Histiocytes were still invading the nerve-trunks 
(fig. 20) and there was intraneural fibrosis some areas. 

The media the arteries was thickened and the lumen narrowed 
(fig. 21). The capillaries were somewhat distorted, often running tortuous 
course (fig. 22), and the fine anastomoses were longer visible (compare 
fig. 8). Some capillaries may therefore have undergone atrophy. 

Increase connective tissue was now conspicuous and was still 
best seen the perivascular regions, which there were numerous 
fibroblasts and collections polymorphs and monocytes (figs. 23, 24). 
Fat was found between the muscle-fibres globules varying size, but 
was never seen within the muscle-fibres. There were individual varia- 
tions the amount connective tissue and fat deposited cases with 


the same time denervation. 
(3) Changes from one three years after denervation.—During this 
period there was further shrinkage the muscle-fibres, many 
became exceedingly thin though there was conspicuous 
inequality the degree atrophy different fibres the same muscle. 
The picture presented the muscle-fibres was essentially that found 
the preceding stage denervation, but the changes were more 
marked. Seen polarized light the striation was still intact. The thin 
muscle-fibres showed granules, irregularly distributed inside the sarco- 
lemmal tubes. 
The changes the nuclei were similar those found the earlier 
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stages denervation. There were now fewer nucleoli, the majority 


the round muscle nuclei contained only one occasionally many 


was extremely difficult identify end-plate nuclei, which was 


not surprising since the diameter the very thin muscle-fibres was often 
greater than that the nuclei themselves. 

The pattern innervation was altered considerably the increase 
connective tissue. was. almost impossible follow the single 
Schwann tubes which previously served guide the end-plates. 

Thickening the vessels had increased, and the capillaries appeared 
long thin bands lying betweeen the muscle-fibres within the fat 
and the connective tissue. 

Late stages muscle atrophy from three years after denervation 
onward.—The changes the muscle-fibres became progressively more 
profound. Shrinkage continued, though unequally, and many extremely 
thin fibres were found scattered between fibres larger diameter (fig. 25). 
the latest stages the continuity the muscle-fibres was lost, apparently 
two ways, either splitting fragmentation. Some fibres were seen 
splitting longitudinally into separate fibrils (fig. 26) which might become 
completely isolated and almost lost the connective tissue (figs. 27, 28). 
Fibres were splitting into branches, some broad (fig. 27) and others thin 
(fig. 26). Sometimes fragments muscle-fibres were found resembling 
fibroblasts, from which they could distinguished the possession 
one several pyknotic nuclei and the characteristic granules (figs. 
28, and 30). the latest stages denervation some round oval 
fragments muscle-fibres were These fragments were surrounded 
ring nuclei (figs. 31, 32). Some fibres longitudinal section were 
seen appearance (fig. 33). probable that this beading 
precedes the formation the round oval fragments. 

Cross-striation may still intact the thinnest fibres advanced 
stages denervation (e.g. twenty-four years’ denervation). the small 
round oval fragments muscle tissue, however, cross-striation was 
commonly lost, the fragments being filled with irregularly distributed 
granules and vacuoles. such fragments droplets eosinophil sub- 
stance may appear, state described hyaline degeneration (fig. 34). 
This seen only the latest stages. 

Variations between different fibres was notable particularly relation 
the granules. Some fibres were still quite thick and filled with 
irregularly distributed granules lying between the nuclei (fig. 35); 
others, the granules, although faintly outlined and uneven size, still 


remained orderly alignment, covering the border the bands (fig. 
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36). the majority cases cross-striation could not detected the 
stained preparations, although there was some indication the trans- 
verse organization the fibres; for many there were rows containing 
3-6 regularly arranged granules. some the most attenuated fibres 
single equally spaced granules were arranged longitudinally (fig. 
the majority, however, the size and distribution the granules was 
completely irregular (figs. 37, 38, 39, 40, 41, and 43), the larger granules 
possibly being formed the coalescence several smaller ones (figs. 
and 41). Sometimes the sarcoplasm retracts and the sarcolemma 
then clearly outlined (fig. 44). 

The changes the nuclei the latest stages denervation are very 
conspicuous but not uniform the different muscle-fibres. some 
fibres clumps small nuclei equal size are found (fig. 45). Some 
the nuclei are swollen (up occupying the entire width the 
fibre (fig. 37) and the nucleolus frequently very large. Many pyknotic 
nuclei are seen. Some nuclei possibly fuse together (figs. 46, 47) forming 
large pyknotic masses (fig. 48). Round nucleus (fig. 49) groups 
nuclei (fig. 46) halos are often formed, and these may contain fragments 
chromatin. other muscle-fibres, large empty vacuole may seen, 
surrounded granules (fig. 35). may that the pyknotic nuclear 
mass dissolved leaving the vacuole negative picture single 
nucleus group nuclei. other muscle-fibres, particularly 
the round oval fragments, small pale nuclei with foamy nucleoplasm 
may found. some fragments the nucleus may indicated only 
ring (fig. 50), apparently the nuclear membrane. Thus the 
latest stages denervation the nuclei are destroyed, the changes being 
condensation, breaking and dissolution the chromatin. 

Only the larger nerve-trunks could picked out this stage. The 
smaller trunks and single Schwann tubes were extremely difficult 
identify, having been apparently distorted, obstructed and some cases 
probably finally obliterated the proliferation the connective tissue 
and intraneural fibrosis. The nerve-trunks were embedded fat 
connective tissue (figs. and 52). 

The walls the arteries were even thicker than earlier stages and 
the lumen narrowed completely blocked. few capillaries were found 
the connective tissue (fig. 53) but the remains the majority could 
recognized only the lines the nuclei the endothelial cells. 

The increase connective tissue may extreme, but this does not 
apparently depend solely upon the time denervation. Large areas 
muscle were replaced connective tissue, with only few scattered 
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fragments surviving. The connective tissue cells were, for the most 
part, elongated like those tendon (fig. 54). other muscles large 
deposits fat were interspersed with groups muscle-fibres (fig. 55), 
but fatty degeneration was found within the fibres themselves. 

After about thirty years denervation the muscle-fibres had been 
completely destroyed and replaced connective tissue and fat. All 
that was left was connective tissue and fat interspersed with vessels 
some large empty nerve-trunks (fig. 52). None the thinner nerve-trunks 
single Schwann tubes could traced. 


SUMMARY CHANGES ATROPHY. 

may now summarize the salient changes observed this investi- 
gation denervated human muscle. 

The there progressive but unequal 
shrinkage the muscle-fibres and loosening their internal longi- 
tudinal arrangement. latest stages denervation the continuity 
the muscle-fibres lost two ways, longitudinal splitting into 
fibrils and fragmentation into round oval segments surrounded 
rings nuclei. Such segments become isolated within the connective 
tissue and ultimately disappear altogether. polarized 
light shows that extremely thin fibres may still retain the cross-striation, 
changes the staining reaction the transverse bands appear 
relatively early. However the small fragments seen the latest 
stages denervation, the transverse organization the muscle lost. 
was only the latest stages denervation atrophy that hyaline 
material was found deposited the isolated round oval fragments. 
fibrous tissue metaplasia, reported Tower (1935) and Altschul 
(1942) was found. 

The sarcoplasm.—There progressive depletion the cytoplasm 
the end-plates. The granules become more evident and are irregular 
size and distribution the latest stages denervation. 

The changes are conspicuous the early stages, and 
they are followed slow changes which lead dissolution and disappear- 
ance the nuclei the latest stages denervation. the early stages 
there increase the number nucleoli and there may dis- 
persion chromatin throughout the nucleoplasm (Tower, 1935). This 
seems active nuclear reaction, but present explanation 
the cause mechanism forthcoming. Tower (1935) has suggested the 
presence nuclear stimulant liberated the degenerating nerve-fibres. 
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characteristic appearance atrophic muscle-fibres given the 
formation rows and clumps nuclei which may centrally placed. 
However, long rows nuclei, often centrally placed, and giving 
impression proliferation, were found one case disuse due 
upper motor neurone paralysis seven years’ duration (fig. 56). Short 
chains nuclei, which remained discrete but were centrally placed, were 
seen muscle (with intact normal nerve-supply) which been 
immobilized neutral position for seven months. possible that 
this re-arrangement centrally placed rows and clumps may part 
general nuclear reaction striped muscle where, for one reason 
another, the metabolism has undergone some change. interest 
that this arrangement found plain muscle, red muscle, and intrafusal 
muscle which are considered lower developmental level than 
cross-striated muscle. is, moreover, feature embryonic muscle. 

The pattern innervation undergoes steady distortion, caused 
increasing connective tissue and fat formation; this finally obliterated the 
smaller trunks and terminal Schwann tubes. There progressive intra- 
neural fibrosis the larger trunks. 

The pattern vascularization similarly disturbed; the walls the 
arteries become thickened and many capillaries are squeezed and stretched 
out existence the connective tissue proliferation. 

Interstitial connective tissue apparently begins 
round the larger vessels. possible that the perivascular infiltrations 
act stimulus the fibroblasts. Further increase connective tissue 
appears between the muscle fibres; the fibroblasts here may stimulated 
into activity the formation the spaces caused shrinkage the 
muscle-fibres (see Weiss, 1934). The increase connective tissue and fat 
but not solely dependent upon the duration dener- 
vation. 

three years few, any, muscle-fibres have undergone complete 
disintegration. this period there may very great 
shrinkage muscle-fibres and increase connective tissue. After 
re-innervation reconnection with such shrunken muscle-fibres likely 
extremely difficult impossible (Gutmann and Young, 1944). Thus 
although these thin fibres may not have undergone irreversible changes, 
probable that they will never restored normal diameter and 
function. 

After three years denervation changes set which finally lead 
the break and disappearance the muscle-fibres. These changes 
not set simultaneously all the muscle-fibres, therefore few intact 
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fibres may still found even the latest stages denervation. Ultimately 
all muscle tisssue destroyed and replaced connective tissue and fat. 


The cause and character the changes taking place denervated 
muscles still matter this discussion has been 
concerned with the question to.whether the changes denervated 
muscles are considered the result atrophy degeneration. 
generally assumed that atrophy the fibres undergo diminution size, 
whilst preserving their characteristic structure. degeneration state 
disordered metabolism and revealed visible alterations 
such swelling, hyaline vacuolar degeneration, 
deposition fat, glycogen, pigments amyloid), there gross trans- 
formation the cell contents into abnormal substances (Beattie and 
Dickson, 1943). 

Among the authors who have described the changes denervated 
muscles pure atrophy are Stier (1896), Willard and Grau (1924) and 
Jamin (1904). They observed only the early stages. Most observers have 
considered the process degenerative (Tower, 1935; Chor, Dolkart and 
Davenport, 1937; and Altschul, 1942). This viewpoint has gained support 
the widespread use the term “reaction degeneration” for the 
alteration electrical excitability. Erb (1868) concluded that “where 
there reaction degeneration, substantial anatomical changes, i.e. 
degeneration nerve and muscle must assumed, fact the intensity 
and stage these degenerative changes can concluded with great 
certainly from the reaction degeneration” (see Kopits, 1929). However, 
Erb failed provide convincing corroborative evidence respect the 
muscle. 

Recently the concept denervation atrophy has been profoundly 
influenced the work Tower (1935, 1939). She followed the changes 
denervated muscles cat one year and distinguished three 
phases: atrophy, acute degeneration and fibrotic de-differentiation. She 
described vacuolar and granular degeneration and found that acute 
degeneration may any time lead complete destruction and replace- 
ment large areas muscle fibrous tissue. The changes which she 
found during the first year the cat been found within that 
period the human muscles studied us, perhaps because atrophy 
slower man than cats and rabbits. 

However, present the distinction between atrophy and degeneration 
largely morphological and some extent unsatisfactory. Thus the 
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term “hyaline degeneration” used merely describe the physical 
appearance the tissues and not any way indication chemical 
composition (Beattie and Dickson, 1943). 

The important practical question the possibility reversal 
the changes the muscle which have occurred during the period 
denervation. Denervation muscle leads progressive attrition and 
ultimately complete destruction the muscle-fibres which are replaced 
connective tissue and fat. The changes the latest stages denerva- 
tion are thus certainly irreversible spite re-innervation. Some regres- 
sive changes must precede the complete destruction and seems little 
value argue whether these changes are called degenerative not. 
However the complete disintegration following denervation man 
relatively late phenomenon. three years’ denervation hyaline, 
amyloid fatty degeneration fragmentation the muscle-fibres could 
found. However extreme shrinkage muscle-fibres and increase 
connective tissue occurs long before the fibres disintegrate and this may 
make reconnections with nerve-fibres difficult parts the muscle 
even impossible (Gutmann and Young, 1944). The chances recovery 
such shrunken muscle-fibres thus become poor before gross degenera- 
tive changes take place. would very important have further more 
exact information about the degree recovery which can expected 
from human muscles during these earlier stages denervation. 

From three years onward after denervation man changes occur 
which undoubtedly cannot The 
muscle-fibres break into fragments. These remnants muscle tissue 
have now little common with the original muscle-fibres and the cyto- 
plasm has apparently changed its constitution and appears homo- 
geneous granular mass. Clearly from such condition recovery 
can expected. important know what time irreversible changes 
set in. appears that sharp dividing line exists. Certainly from three 
years onward hope any useful recovery becomes remote, and the 
earlier the repair nerve undertaken, the better will the prognosis. 

Although the time denervation the most important factor, 
influencing the degree atrophy, cannot the only one, for muscles 
which had been denervated for approximately the same length time 
varied considerably the degree atrophy. impossible evaluate 
the factors influencing the rate atrophy from this survey cases 
which there were many unavoidable variables. Further experimental 
work necessary, but has already been shown that adequate galvanic 
exercise retards the rate atrophy (Gutmann and Guttmann, 1942; Hines, 
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Thompson and Lazaro, 1943). The individual variation the rate 
atrophy indicates that may wise, cases with evidence severe 
wasting assess the state the muscle histologically before embarking 
upon operations lengthy course treatment. 

Although the cause muscle atrophy still remains obscure 
probable that inactivity plays important role its production. This 
must affect the circulation the muscle. There some evidence stasis 
the vessels even forty-two days after denervation and there progres- 
sive thickening the vessel walls and ultimately occlusion some. 
Possibly there atrophy the capillaries themselves. Assimilation must 
retarded these changes and thus suggested that the inactivity 
the muscle and increasing impairment circulation are decisiye factors 
which lead progressive lowering and, the latest stages, total 
abolition the metabolism the isolated units muscle tissue. These 
ultimately die and are replaced the proliferating fibrous tissue. 


RE-INNERVATION 
A.—Method Evaluation Muscle Biopsies. 


The recovery muscle after re-innervation will depend upon the 
following factors: (1) The state the muscle; (2) the state the nerve; 
(3) the nature the lesion; and (4) the period re-innervation. There- 
fore, order assess muscle biopsy fully, necessary have some 
knowledge these factors. 


State the Muscle. 

The main question the possibility reversal the atrophic 
changes after denervation. The time denervation not the only factor 
determining the state the muscle and therefore necessary consider 
each muscle individually. Four degree muscle atrophy are distin- 
guished make standard for evaluation the biopsy. atrophic 
changes the muscle.) 

(1) Slight muscle atrophy (usually seen after one three months 
denervation). 

There some shrinkage the muscle-fibres which pursue wavy 
course, and little increase connective The granules may more 
apparent than normal muscle but are regularly distributed. The nuclei 
may crowded clumps short rows and the number nucleoli 
increased. The pattern innervation (Schwann tubes) and vasculariza- 
tion practically unaltered. 

(2) Moderate atrophy (usually seen after three twelve months 
denervation). 
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There considerable variation size muscle-fibres with some 
increase connective tissue and fat especially round the large vessels. 
The cytoplasm the end-plates diminished, the interstitial granules 
may become irregularly distributed the thinner muscle-fibres. The 
main pattern innervation still unaltered but difficult follow 
the pattern innervation the termination the individual Schwann 
tubes, and the walls the vessels are thickened. 

(3) Considerable muscle atrophy (usually seen after one three years 
denervation). 

There marked shrinkage the muscle-fibres, with increase con- 
nective tissue, particularly the endo- and perimysium. The connective 
tissue cells become flattened, resembling those tendon. Some the 
muscle nuclei are swollen, others may show signs pyknosis. The nuclei 
are often arranged rows the muscle-fibres. The pattern innerva- 
tion distorted, only the larger trunks can found easily, 
show considerable intraneural fibrosis. walls are still thicker and 
some the capillaries seem have atrophied. 

Extreme muscle atrophy (usually seen from three years dener- 
vation onwards). 

Groups extremely thin muscle-fibres are connective 
tissue. Some the muscle-fibres have lost their continuity longitudinal 
splitting fragmentation. Small fragments degenerated muscle-fibres 
may found isolated within the connective tissue. Large areas muscle 
are replaced connective tissue fat. Some the muscle-fibres consist 
tubes filled with irregularly distributed granules varying size, and 
many fibres have lost their cross-striation. The patterns innervation and 
vascularization are grossly disturbed. 


State the Nerve. 

The first regenerating axons the nerve-trunks are few, thin and 
unmedullated. The return nerve-trunk something approaching 
the normal state lengthy and complex process (Gutmann and Sanders, 
1943). This involves increase diameter and conduction rate the 
fibres and must have profound influence upon the degree functional 
recovery. Thus, knowledge the stage reconstitution the nerve- 
trunk particular time after injury obviously value. 

Four degrees re-innervation have been distinguished. 

Only empty nerve-trunks are found. 

Many nerve-trunks are still empty while others contain 
few thin unmyelinated axons. innervated end-plates are 
found. 
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Nearly all nerve-trunks are innervated, and contain mostly 
thin nerve-fibres; there are some thicker myelinated nerve-fibres 
and few innervated end-plates. 

All nerve-trunks seen are innervated; nearly all axons are thick 
but yet normal diameter and degree 
End-plates are innervated. 

Normal degree innervation. 


Nature the Lesion. 

Clinical experience supported experimental evidence (Gutmann, 
1942) suggests that the most important factor influencing the onset and 
degree functional recovery appears the nature the lesion 
the nerve. Three main types lesion are distinguished (Seddon, 1942, 
1943). 

(1) Neurotmesis describes the state nerve that has been com- 
pletely interrupted, the lesion every sense complete, and recovery 
without surgical intervention unlikely occur. 

(2) Axonotmesis.—There damage the nerve-fibres such severity 
that complete degeneration follows, but the sheath 
structures the nerve remain intact and spontaneous regeneration the 
axons down their original Schwann tubes will lead recovery good 
quality. some cases lesions continuity there mixture 
neurotmesis and axonotmesis and there much intraneural disturb- 
ance, the quality spontaneous recovery may poor. 

(3) Neurapraxia used-to describe those cases which there 
paralysis with persistence normal excitability the muscle. 
Recovery rapid that cannot explained terms true regen- 
eration and indeed there degeneration the nerve distal the 
lesion. 

clinical practice these lesions are found either separate entities 
combinations, partial lesions which part the nerve-trunk 
has escaped damage altogether. thus possible that the nerve-trunks 
found muscle will present characteristic picture which may 
diagnostic the lesion the main trunk. For example: (a) The per- 
sistence apparently normal fibres after injury indicates neurapraxia: 
(b) the presence both normal nerve-fibres and empty Schwann tubes 
indicates that part the nerve has escaped injury, whilst there degener- 
ation the rest the trunk; and (c) the finding only empty Schwann 
tubes indicates that the whole nerve has undergone degeneration. 

Where sufficient time has elapsed since injury for regeneration have 
occurred, possible further than this, and make more precise 
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diagnosis the nature the lesion the main trunk. Thus, (a) where 
there are numerous fibres the same degree maturity advancing 
even wave regeneration, the case likely one axonotmesis 
highly successful suture; (b) when there considerable variation 
the degree maturation the nerve-fibres some trunks and absence 
fibres others, suggestive unaided unions, unsatisfactory 
sutures lesions continuity with considerable intraneural derangement 
(such traction injuries). unaided unions the gap between the 
proximal and distal stump bridged scar tissue; where sutured stumps 
have partially pulled apart, the resection the lesion has been in- 
adequate, there will intervening scar tissue, and traction injury 
the intraneural scar may exceedingly extensive and dense. all three 
circumstances few nerve-fibres will usually succeed penetrating the 
scar, but the time necessary for this will vary and some fibres may fail 
reach the distal stump. The re-innervation the muscle will, therefore, 
patchy, and maturation the nerve-fibres uneven degree. 


Period Re-innervation. 

Information concerning the state muscle and nerve not itself 
sufficient make conclusive diagnosis the nature the lesion; 
essential have some knowledge the time which the nerve-fibres 
might have been expected reach the muscle spontaneous regeneration 
had occurred. The time which elapses between the expected date 
arrival the fibres after axonotmesis (or successful suture) and the 
biopsy may described the period re-innervation. axonot- 
mesis the degree correspond the period re-inner- 
vation. For example, only few, thin, unmedullated nerve-fibres are 
found muscle, this indicates early stage re-innervation. the 
time between injury and biopsy such that only just possible for the 
axons have reached the muscle the period re-innervation short, 
and the lesion must therefore axonotmesis, with minimal delay 
the scar. the other hand, low degree re-innervation spite 
long calculated re-innervation will indicate delayed arrival 
the nerve-fibres the muscle. The discrepancy suggests that the, case 
cannot one pure axonotmesis; some factors must have caused delay 


obstruction the regenerating fibres. 
order calculate the period re-innervation, the dates the 


injury and biopsy, the distance between the lesion and the muscle con- 
cerned, the rate regeneration axons, and the delay due scar must 


known approximately. 
(a) The distance between the lesion and the muscle.—The level the 
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lesion relation bony point can often gauged fairly accurately 
clinical examination, and usually with certainty where exploration 
the nerve has undertaken. With this measurement the distance 
between the lesion and the muscle can estimated from the figures 
found Feinstein and Highet (Seddon, Medawar and Smith, 1943). 


ENTRY BRANCHES INTO MUSCLES. 


Upper Limb. 


relation line drawn horizontally through the lateral distances 
cm. 


Radial nerve Feinstein Linell 
Triceps Long head 19-2 
Medial head 11-24 Above 
Lateral head 15-88 epicondyle 
Brachioradialis 1-24) 
Extensor carpi radialis longus 
Extensor carpi radialis brevis 6-10 
Extensor communis digitorum 
Extensor pollicis longus 
Extensor pollicis brevis 
Extensor indicis 
Median nerve 
Pronator teres 1-5-2 
Flexor carpi radialis 
Flexor pollicis longus 
Flexor profundus digitorum 
Thenar muscles 
Ulnar nerve 
Flexor carpi ulnaris 
Flexor profundus digitorum 
First dorsal interosseus and 


pollicis 


Lower Limb. 


All relation line drawn through the head the fibula distances cm. 


nerve 
Biceps short head 


above head fibula 


Peroneus longus 

Peroneus brevis 

Extensor digitorum longus 

Extensor hallucis longus 

Extensor digitorum brevis 


Tibial nerve 
Gastrocnemius 
Tibialis posterior 
Flexor digitorum longus 


above head fibula 


Flexor hallucis longus below head fibula 
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(b) The rate regeneration the axons and the 
rate functional recovery prime importance the clinician, but the 
histologist concerned with the rate outgrowth axons. The axons 
will reach the end-organs some time before return function, which 
dependent upon all the processes maturation leading functional 
completion (Gutmann, Guttmann, Medawar and Young, 1942). the 
rabbit, the rate advance axon tips down the nerve has been found 
4+-5 mm. day after axonotmesis. Generally much slower rate 
assumed man, but there well-founded reason so. Indeed, 
one case man, circumstances comparable with experimental con- 
ditions, rate mm. day was found after crushing digital nerve 
(Seddon, personal communication). Moreover, rough but unreliable 
guide the rate outgrowth pain fibres given the progress 
Tinel’s sign which gives comparable values. The rate given Tinel 
2-4 mm. day, Dustin (1917) mm. day after suture. 

However, two factors make necessary assume slower average 
rate outgrowth axons man when calculating the expected time 
onset recovery cases nerve injuries. These are the delay due 
scar and the distances involved. Lesions comparable with experi- 
mentally produced axonotmesis will rare clinical practice; and the 
rate functional regeneration man was found fall off progressively 
with distance (Seddon 1943). Gutmann and Guttmann (1942) made 
similar observations the rate recovery sensory function rabbits. 
possible though means certain that the rate advance 
axon tips may also decrease with distance. 

There therefore, some justification for assuming rate outgrowth 
axons mm./day and average scar delay twenty days, after 
axonotmesis and days after asuture. are fully aware that this 
can only regarded working hypothesis view the many variable 
factors individual cases. 

The following example will demonstrate the method calculating 
the period re-innervation and also show that the rate outgrowth 
axons man after axonotmesis not less than mm./day. 


Case H.47, Table patient had received gunshot wound the forearm 
forty-seven days before biopsy, and had posterior interosseous nerve paralysis 
with reaction degeneration the muscles. Exploration the nerve 
formed since neurotmesis could not excluded. The nerve was found 
continuity. Soft intraneural scar was found 6-7 cm. below the epicondyle the 
humerus. 

Distance between epicondyle and point entry nerve abductor 
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Therefore, the approximate distance between lesion and entry 

This short period re-innervation (ten days) would the fibres would 
few and thin; some might have reached the end-plates, others would nearing 
them. state affairs was found and shown fig. The period re- 
innervation corresponds with the degree re-mnervation found and diagnosis 
axonotmesis could made from this biopsy, confirming the findings operation. 
Recovery was ultimately perfect. 


B.—Findings. 

The biopsies which are reported Tables and were taken during 
the course operations undertaken cases where clinical diagnosis 
had been made after full examination well-proven methods which 
included the sweating test, percutaneous electrical examination and 
some cases, electromyography. some the cases the electrical reactions 
were tested with machine lent Dr. Bauwens (1942). The 
duration and the intensity the stimulus could varied independently. 
Three durations stimuli were employed: 1/1,000, 1/50 and second; 
and the threshold current was measured milliamps. operation the 
state the nerve was noted, the nerve-trunks were stimulated electrically 
both above and below the lesions faradic currents. the lesions were 
resected the proximal and distal stumps, well the lesions themselves 
were subjected histological examination. From these observations 
have been able assess the diagnostic significance the muscle biopsy 
findings. The state the muscle and the nerve were graded, the hypo- 
thetical period re-innervation was calculated and diagnosis and 
prognosis were made histological grounds. These have been compared 
later with the clinical findings and progress. 

Some the results are summarized the tables, and few cases will 
described greater detail illustrate the typical findings neura- 
praxia, axonotmesis, unsatisfactory suture, traction injury and unaided 
union. 


(1) Neurapraxia (Case T.48, Table patient had gunshot wound 
the right arm. The radial nerve was exposed, but was apparently intact when the 
wound was excised under general coming round from this operation 
wrist drop was noticed both sides. The palsy the right was due the 
original injury, and the left side was presumably due pressure sustained under 
anesthesia; there was gradual recovery. Fifty-seven days after injury the right 
side there was weakness all muscles radial innervation below the extensors 
the wrist; the left side brachio-radialis was paralysed, and all other muscles 
were weak but acting against gravity. Electrical reactions and electromyography 
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showed that there was partial degenerative lesion the nerve both all 
the muscles were affected but unequally. clinical diagnosis bilateral axonot- 
mesis and neurapraxia was made. 

Eighty-three days after injury biopsy the left extensor digitorum communis 
showed signs previous denervation. The nerve contained normal fibres, and 
the end-plates were normally innervated. This muscle had been completely 
paralysed previously, and from the biopsy the lesion must have been neurapraxia. 
Both electromyography and electrical reactions, however, indicated that some 
denervated fibres were present, but that these were likely the minority. 
evidence denervation was seen this biopsy illustrating the limitations 
method which involves sampling. 

(2) includes cases which clinically the 
diagnosis axonotmesis had been made. cases (Cases H.47, G.48, 
B.59, T.48, C.91, B.49, G.45, C.57, P.32) this diagnosis was confirmed 
the histological findings. cases (Cases L.32, P.23, C.42, 
B.43, W.48) the degree re-innervation did not correspond the expected 
period re-innervation after axonotmesis. was assumed, 
was probably due delay caused intraneural scarring. Thus 
poorer was given and this was confirmed the further clinical 

. 
progress. Case Mc.2 innervated nerve trunks were found but 
relatively short time hypothetical re-innervation did not yet allow 


clear prognosis given. Case B.59 given greater detail below. 


Case B.59.—Biopsy was performed days after injury extensor carpi 
radialis brevis, extensor digitorum communis, and abductor pollicis longus. The 
approximate distances from the lesion the muscles were 15, and cm. res- 
pectively. Therefore assuming axonotmesis with twenty days’ scar delay and 
rate outgrowth axons mm. day the periods re-innervation would 
days, i.e. would impossible for re-innervation have occurred extensor 
communis digitorum and abductor pollicis longus unless the rate outgrowth 
axons were greater than mm./day, the delay the scar less than twenty 
days. (It will recalled that there was some evidence that the rate outgrowth 
may fact approach mm./day.) 

Histological examination all three muscles showed small degree atrophy. 
They contained numerous empty nerve bundles, but some with few thin nerve- 
fibres (fig. 58). Empty end-plates were found all specimens (fig. 59). There 
was evidence partial lesion. was early spontaneous re- innervation 
after degenerative nerve lesion. The, early stage re-innervation corresponded 
the extremely short and even negative calculated periods re-innervation. 
diagnosis pure axonotmesis was made, and good prognosis was given. 

second biopsy was performed 197 days after injury upon extensor carpi 
radialis brevis and extensor communis digitorum. These muscles were now acting 
against resistance. extensor communis digitorum there was less atrophic change 
_in the muscle than the previous occasion, and all the nerve-bundles were re- 

innervated. The degree maturation the axons was higher (fig. 
extensor carpi radialis brevis atrophic changes were slightly more marked than 
extensor communis digitorum and re-innervation was less advanced, indicating 
that there may have been unequal amount scar the nerve-trunks. How- 
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tissue and fat. The walls the vessels showed conspicuous thickening; all the 
nerve-trunks found were innervated, some very few, thin fibres, others 
more numerous but thin fibres and the remainder numerous thick nerve-tibres. 
The axons ran for long distances between along the muscle-fibres, sometimes 
ending with large knobs the connective tissue and forming the characteristic 
pattern delayed re-innervation (figs. and 62). 

The long time since suture, the relatively low and uneven degree re-innerva- 
tion, and the advanced stage atrophy, suggest delayed re-innervation after unaided 
union unsatisfactory suture. Little further recovery function 
expected. 

(b) Unaided unions (Case patient’s history described 
detail was case unaided union after partial division 
the median nerve. The degree re-innervation the muscle was 
low and uneven. There were many empty nerve-trunks, some contained 


few thin fibres and others numerous but fairly thin fibres (figs. and 
64). 
Table includes cases which the clinical diagnosis 
traction injury had been made. all the cases the prognosis based 
the histological findings the muscles was poor and this corresponded 
with the progress the cases. Although such lesions the continuity 
the nerve presetved the extensive degeneration and intraneural 
scarring usually prevents the possibility good recovery. Sutures 
and B.20) and grafting (Case A.17) these cases give exceedingly 


poor results. 


Case A.17.—This patient -sustained multiple injuries car smash. For 
least month after the accident there was complete paralysis the left brachial 
plexus, recovery then began the lower and middle trunks, but there was none 
the upper trunk. traction lesion was diagnosed, and the plexus was explored 
about three months after injury. The upper trunk was found continuity, but 
electrical stimulation proved negative. 642 days after injury graft was inserted 
the upper trunk and the same time biopsy the brachio-radialis was taken. 

The degree atrophy brachio-radialis was unexpectedly severe. The degree 

re-innervation was low and very uneven. There were some empty nerve-trunks, 

whilst others contained few thin nerve-fibres. The degree re-innervation varied 
considerably even with the individual nerve-trunk. Thus there might single 

thick nerve-fibre while other Schwann tubes the trunk were empty contained 

few attenuated fibres (see also fig. Such appearance seems character- 

istic traction injuries and unaided unions where the chances re-innervation 

the peripheral Schwann tubes vary different parts the same nerve-trunk. The 
low degree re-innervation contrasted with the long period re-innervation (515 
days) and poor prognosis had given. 


The findings human muscle after re-innervation may now sum- 
marized. The changes muscle and nerve will first considered 


separately. 
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ever, there was even wave regenerating nerve-fibres which characteristic 
re-innervation after axonotmesis and recovery was ultimately perfect. 

This case approaches conditions found after pure axonotmesis and provides 
additional evidence that the rate outgrowth axons man not less than 
mm./day. 

(3) cases neurotmesis have been studied. the 
majority the biopsy provided little information that had not already 


been obtained clinical and operative findings. 

cases are summarized Table they are particular interest. 

Suture had been performed previously Cases R.41, C.38, W.69, 
Q.2, and W.100. Recovery was either delayed, absent poor quality. 
Case R.41 described detail example unsuccessful suture. 

The problem solved biopsy Cases W.100 and B.52 identical and 
important. Suture was performed Case W.100 and unaided union 
had occurred B.52. Sensory recovery was predominant importance. 
Case W.100 was too early expect recovery: B.52 was possible 
for this have occurred. both cases was necessary determine 
recovery could expected without further surgical intervention. both 
instances the biopsy the muscles indicated that some recovery might 
expected. Case B.52 described detail. unsuccessful sutures 
and unaided unions the obstruction due the scar between the proximal 
and distal stumps causes delayed and uneven re-innervation with char- 
acteristic findings the muscles. 

(a) Unsatisfactory suture (Case Table patient received gunshot 
wound the left arm with compound fracture the lower end the humerus 
and damage the radial nerve. There was complete paralysis the radial group 
below the triceps. 200 days after injury the nerve had been sutured elsewhere 
about em. above the external epicondyle the humerus. resection cm. 
was necessary and even was found impossible remove all neuromatous tissue 
with any hope approximating the central and peripheral stumps. The prognosis 
was therefore poor since the stumps were necessity unsatisfactory. 

the time biopsy, 408 days after suture and 608 days after injury, the 
radial extensors the wrist were acting against resistance. There were good 
flickers movement brachio-radialis and carpi ulnaris, with doubtful 
contractions extensor communis digitorum and abductor pollicis longus. Apart 
from this, the muscles were paralysed. Serial examinations electrical reactions 
suggested partial recovering lesion all muscles excepting pollicis 
longus and extensor indicis which gave the reaction complete denervation. 
Electromyograms had shown progressive increase motor unit activity the 
radial extensors. Motor unit action potentials were found the remaining 
muscles, but the condition remained stationary. was therefore decided that 
tendon transplantation should performed for the extensors the digits. 

The calculated period re-innervation after the suture this case was 298 
days. Biopsy extensor pollicis longus showed that the muscle was 
advanced stage atrophy. Most the muscle-fibres were extremely thin, but 
some larger diameter were found. There was considerable increase connective 
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the nerve-fibres the muscle have considerably increased diameter 
(fig. 68). 

However high the degree maturation the nerve-fibres after 
successful suture, will little avail the suture has been 
delayed too long. This demonstrated Case Q.2 (Table II), where 
suture had been performed 3,164 days after the injury. The atrophy 
the muscle (fig. 69) was too far advanced for any reversal, spite 
re-innervation numerous fibres large diameter (figs. and 

Pattern innervation.—In the study atrophic changes during 
denervation was found that there was increasing distortion the 
pattern innervation. Consequently there increasing difficulty 
the formation new connections with the muscle-fibres after re-innerva- 
tion (Gutmann and Young, axonotmesis, where delay 
re-innervation relatively short many the nerve-fibres re-innervate 
the old end-plates, for the Schwann tubes leading them have not yet 
been blocked the proliferating connective tissue (fig. 66). After pro- 
longed periods atrophy the nerve-fibres run for long distances within 
the connective tissue (figs. 62, 67), along the muscle-fibres and, 
ultimately, make new contacts with the sarcoplasm forming new end- 
plates (see Gutmann and Young, 1944). These are simple, often repre- 
sented thickening the axoplasm surrounded the end-plate 
nuclei. Case Q.2 provides example the complete failure the 
nerve establish connection with the muscle-fibres. 


TREATMENT PERIPHERAL NERVE 


140 biopsies have been examined from cases and there striking 
accord between the histological and clinical findings, diagnosis 
nosis the majority cases. 

Case L.32 (Table exception, for the grounds biopsy 
fairly good prognosis was given, but the condition has remained stationary 
and unsatisfactory. The diagnosis however concurred with that based 
clinical examination. This serves illustrate that any investigation 
which involves the method sampling carries some risk error. 

most cases, although accurate diagnosis and prognosis could 
made from the biopsy, was added our knowledge which had 
been derived from full routine clinical examination. muscle biopsy 
only academic interest, are there clinical indications for this type 
investigation? The experience gained from the review this series 
biopsies indicates that muscle biopsy may prove useful aid diag- 
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(1) Changes the reversibility the changes the 
muscles have already been discussed. The degree recovery the 
muscle-fibres will depend (i) the time denervation, and (ii) the degree 
re-innervation. The state the muscle after re-innervation will, there- 
fore, vary with the type lesion the nerve. Thus cases axonot- 
mesis, the maximum number fibres re-innervate the muscles with the 
minimum suture, even successful, the delay will 
longer and the degree re-innervation will less 
traction injuries, unaided unions and unsuccessful sutures, there still 
longer delay re-innervation. Atrophy the muscle-fibres will, there- 
fore, more advanced the time arrival nerve-fibres. 

Two examples may given: (i) Case C.57 (Table the approxi- 
mate period re-innervation after axonotmesis was 276 days. The 
muscle-fibres were quite thick (fig. 66) and recovery 
successfully. (ii) Case B.52 (Table II) the muscles had been re-inner- 
vated after unaided union. The hypothetical periods re-innervation 
were 228 and 245 days: 335 days after injury. There was still advanced 
atrophy (fig. 67), corresponding the low degree re-inner- 
vation. 

(2) Changes the Axons: The first regenerating nerve- 
fibres are recognized the fact that they are few, unmyelinated, and 
exceedingly thin. Where the lesion has been axonotmesis, when 
regeneration has occurred after successful suture, the majority nerve- 
fibres will advancing even wave and will show almost uniform 
degree maturation. the other hand, the degree re-innervation 


will vary considerably cases traction injuries, unsuccessful sutures 


and unaided unions (see figs. 63, 64, 65). result the intraneural 


fibrosis intervening scar tissue some trunks may contain 
fibres all while others may contain only few nerve-fibres. 
impossible distinguish between these three types lesion examina- 
tion muscle biopsies but the histories the cases will provide the 
necessary information. cases neurapraxia the nerve-trunks contain 
thick normal nerve-fibres and the end-plates are normally innervated. 
partial lesions normally innervated nerve-trunks and empty re-inner- 
vated ones will found together. Maturation the nerve-fibres 
prolonged process and probably never completed after suture 
(Gutmann and Sanders, 1942). 

normal degree maturation and reconstitution the nerve-trunk 
achieved after axonotmesis. can seen that Case C.57, Table 
where the muscle had been re-innervated 323 days after axonotmesis, 
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account the extent the scarring within the nerve (Highet and Holmes, 
correct diagnosis considerable importance. The biopsy, however, 
proved that the case was one pure axonotmesis with favourable prospects 
regeneration the nerve. 

lesions the median and posterior tibial nerves, the return sensibility 
the autonomous zones greater importance than return voluntary power 
the muscles. Thus there are some instances which muscle biopsy valuable 
and justifiable method assessing the type lesion the nerve when are 
primarily concerned with the recovery 

example this found Case B.52 (Table This patient had 
gunshot wound high the right arm. The median nerve had been explored few 
weeks after injury, and was reported being partially divided. When examined 
this hospital, was found have dissociated paralysis the funicular type. 
Some muscles had been spared. Pronator radii teres had recovered from what had 
probably been complete paralysis. There was anhidrosis, anesthesia and analgesia 
median distribution. What pain sensibility there was the median area was 
due overlap from adjacent nerves. There was evidence motor recovery some 
muscles; although the lesion was longstanding, insufficient time had elapsed for 
regeneration occurring the cutaneous distribution the nerve. Was the 
lesion such that regeneration could anticipated? so, was unjustifiable 
resect the lesion, for would least another year before recovery could 
expected and the sensory end-organs would, meanwhile, have become even more 
atrophied. With such high lesion, sensory recovery was unlikely good 
quality and would unwarrantable jeopardize still further unnecessary 
surgical interference. 

Muscles biopsies were taken from flexor pollicis longus and flexor digitorum 
sublimis 335 days after injury. the was axonotmesis, the period 
re-innervation would have been 228 days for flexor pollicis longus and 245 days for 
flexor digitorum sublimis. The axons were thin, and the pattern re-innervation 
suggested that there had been some delay the arrival the axons. 
there had been division the nerve followed unaided union. The presence 
the nerve-fibres, however, indicated that regeneration was occurring. Naturally 
this afforded guarantee that much further re-innervation functional recovery 
the muscle could expected. However, the occurrence some regeneration 
the muscle indicated that least equal number fibres might reach the 
skin later date, and therefore some recovery pain sensibility would probably 
take place. 

Subsequent exploration the nerve revealed neuroma; the results 
stimulation the nerve coupled with the biopsy findings led decision that 
was unwise resect lesion this level. Pain sensibility has now returned all 
but the tips the thumb, index and middle fingers. Without the additional aid 
biopsy, poor sensory recovery might have been converted into bad one. 


Aip 


has already been mentioned that the prognosis dependent both 
the state the muscle and the nerve. 


(1) The state the muscle (Case A.17, Table patient had had 
traction injury the left brachial plexus affecting the and 6th roots. Biopsy 
was performed the same time graft the 5th and 6th cervical roots 642 days 
after injury. Had this been performed prior the extensive operation ‘the 


iv 

& 

cone 

| 

| 

q 
| 


302 BOWDEN AND GUTMANN 


nosis, prognosis and treatment selected cases. This state best sub- 
stantiated considering some the problems which have been solved 
with the aid biopsies. 
For diagnostic purposes muscle biopsy has two things commend it: 


(1) gives information about the nature the changes the muscles, 
and (2) almost the only justifiable form nerve biopsy. 


(1) Type changes the muscle (Case G.45, Table patient sustained 
fracture-dislocation the head the right humerus. Reduction 
attempted three times before was successful. The history the case suggested 
that considerable force might have been used. the time biopsy, 178 days 
after injury, there was complete paralysis all muscles ulnar innervation. 
the median and radial groups there was flicker voluntary power the proximal 
muscles but none below them. Electrical reactions all three groups muscles 
suggested partial recovering lesion the proximal ones, and complete denerva- 
tion the more distal muscles, some which failed respond any electrical 
stimulation. This suggested that addition degeneration all three nerves, 
some further change might have occurred the muscles themselves, rendering 
them incapable response. The unusually advanced degree wasting 
relatively short time supported the view. However, the presence some 
the forearm and hand was serious handicap electro-diagnosis, and the findings 
had accepted with reservation. 

Electromyography was therefore was electrical activity 
whatsoever abductor longus abductor minimi digiti. This silence 
sometimes found prior the return motor unit action potentials where regenera- 
tion the nerve occurring. Assuming the lesion pure axonotmesis, this 
explanation could accepted for abductor pollicis longus, but the time was too 
short and the distance too great for abductor minimi digiti, since the lesion must 
have been high the arm. There was evidence partial recovering lesion 
the proximal muscles. The poverty fibrillation these and the absence all 
signs electrical activity the distal muscles suggested that the muscles were 
poor condition eddell, Feinstein and Pattle, 1943). The reason for the absent 
poor electrical activity, the complete absence response electrical stimulation 
some muscles, and the unusually advanced atrophic changes could not deter- 
mined clinical examination alone. Were these the result joint stiffness and 
prolonged injudicious splinting, was there superimposed vascular lesion? 
Although both radial pulses were easily palpable, this last factor could not 
excluded. 

Muscle biopsy was performed. There was evidence vascular lesion. 


The muscles showed atrophic changes associated with 


nerve-trunks (fig. 72) and the end-plates (fig. 73) was occurring (fig. 65) and 
was most advanced the proximal muscles; was typical regeneration after 
axonotmesis, the period re-innervation corresponding the degree re-innerva- 
tion. muscle biopsy cleared important diagnostic point; electro- 
diagnosis was confused the presence electromyography, although not 
misleading, was unable supply precise information about the state the muscle 
itself. 

(2) Type changes the history the case described above 
suggested the possibility traction injury. These injuries carry poor prognosis 
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re-innervation will proceed satisfactorily. The biopsy should only form 
part the evidence. Naturally the case should considered 
whole, but the results biopsy may useful deciding factor the 
question resection and re-suture arises during exploration nerve 
after primary secondary suture. 

Case R.41 (Table the biopsy showed that the state the nerve 
and muscle made useless wait for further recovery, and this provided 
convincing confirmation conclusions already reached 
grounds. The patient had been advised this hospital have tendon 
transplantation, but elsewhere had been urged refuse the grounds 
that recovery would occur and that the operation was unreliable. The 
patient was considerably reassured the result the biopsy and sub- 
mitted operation. Although clinical grounds biopsy could have 
been dispensed with, this instance was benefit for the patient’s 
peace mind. 

has been shown that muscle biopsy can give useful information 
about the state the muscle and nerve and supply some data with which 
chances and degree functional recovery can predicted. However, 
can only auxiliary full clinical examination. For example, Case 
G.45 (Table was proved biopsy one axonotmesis; atrophic 
changes had occurred the muscles but were not advanced 
prevent fairly good prognosis being given. these grounds, functional 
recovery should ultimately certain and fairly good degree. How- 
ever, the stiffness the joints this case will, unless overcome, leave 
the patient with severely crippled arm. 

From biopsy accurate ultimate prognosis can usually given, 
but precise information available predict the onset functional 
recovery. For instance Cases B.59 and H.47 Table were both cases 
axonotmesis showing satisfactory evidence early re-innervation 
muscles which were good condition. Case B.59 there was already 
flicker voluntary action, while Case H.47 the first return function 
was noticed fifty days later. Ultimately both patients made the expected 
excellent recovery. 

relevant compare the conclusions based the results this 
investigation with those and Aird (1942). They carried out 
series experiments assess the value muscle biopsy for diagnosis 
and prognosis. They found the variation the atrophic changes too 
great and concluded that “the variations the pathological picture, 
found different areas the same muscle, militates against the 
practicability using single biopsies human muscles index 
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plexus, would have been seen that the prognosis regards motor recovery was 
exceedingly poor, spite the fact that the lesion was less than two years’ 
duration, and the patient had been receiving adequate 
operation was performed primarily restore function muscles, but little hope 
this could entertained, and about year after operation none had occurred. 

Case G.12, Table patient had sustained almost complete left 
brachial plexus lesion from which little recovery was made 600 days after injury. 
Should amputation the arm advised? Could there any prospect 
restoration function the The biopsy showed that the prognosis was 
hopeless the muscle was severely atrophic. Complete inactivity the whole 
limb and persistent may have contributed the causation extreme 
atrophy less than two years denervation. 


(2) The state the have already seen that possible 
diagnose the nature the lesion the nerve and its influence 
the prospect recovery paramount. The value biopsy this 
connection apparent from the cases that have already been discussed. 


Guide Treatment. 


(1) State the muscle (Case M.68).—As result wound this patient 
had severe compound fracture the right humerus and elbow, with incomplete 
lesions all three nerves. The arm and hand were stiff, the muscles felt hard and 
were severely wasted, there was sensory loss median and ulnar distribution. The 
problem was one procedure. Mobilization the joints was obviously necessary, 
but was exploration the nerves indicated? Tissue damage was extensive, scarring 
dense and sepsis had been gross. exploration were carried out the operation 
might prove exceedingly difficult. the state the end-organs were such that 
prospects recovery were fairly good, might justifiable embark some- 
what formidable operation. Slow post-operative treatment plaster followed 
intensive and prolonged physiotherapy would The state the 
muscle (331 days after injury) contra-indicated such measures. There was con- 
siderable atrophy the muscle-fibres with fibrosis, and vascular lesion addition 


the nerve lesion (fig. 74). 
These changes had occurred about eleven months, but denervation was only 


one the factors this case; sepsis, vascular lesion and gross stiffness contributed 
the advanced stage atrophy. 

(2) The state the the most difficult problems the 
question exploration nerve where recovery has not occurred within 
the expected time after primary secondary repair, after certain types 
closed injury. The problem particularly difficult when the lesion 
high level. Muscle biopsy may disclose whether the fault 
the nerve muscle both and may give some indication for either 
delaying expediting exploration the nerve. Thus re-innerva- 
tion has occurred, very patchy and uneven degree 
maturation, there indication for exploration the earliest date. If, 
however, the proximal muscle the group shows even though possibly 
delayed degree re-innervation, does suggest that the process 
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small round oval fragments degenerated muscle-tissue 
Cross-striation muscle-fibres may remain intact the latest 
stages denervation but lost the small fragments which may 
show hyalin and vacuolar degeneration the cytoplasm. Changes 
the nuclei lead pyknosis and ultimately karyorrhexis progres- 
sive karyolysis the chromatin. 

(c) three months after denervation, the pattern 
innervation intact and the individual Schwann tubes 
followed their end-plates. After about three months, the end- 
plates become increasingly difficult identify and the pattern 
innervation distorted progressively the proliferating con- 
nective tissue. 

(d) the early stages denervation, there apparently 
increase the permeability the vessels leading the formation 
perivascular infiltrations. There progressive thickening 
the walls the vessels. The pattern vascularization distorted 
increasing connective tissue formation. The rich anastomotic 
network capillaries reduced. Finally, the vessels may com- 
pletely blocked. 

the latest stages denervation muscle represented 
fat, connective tissue, vessels and the larger empty nerve-trunks. 

(f) The time denervation not the only factor determining 
the degree atrophy. There are indications that age, stretch, 
sepsis, and other factors including the absence presence 
galvanic exercise play some part influencing the degree and rate 
atrophy. 

(g) The changes the muscle may reversed some extent 
re-innervation providing the integrity the 
itself not attacked. Fragmentation usually found from three 
years onward and represents irreversible change. three 
years, delay repair influences progressively the degree recovery, 
from three years onwards the possibility any useful recovery 


question. 


(3) Muscle biopsies provide aids diagnosis, prognosis treatment 
selected cases peripheral nerve injuries. 
(4) The criteria used evaluate muscle biopsies 


(a) The state the muscle (degree atrophy). 

(b) The state the nerve (degree re-innervation). 

(c) The period re-innervation (time between biopsy and the 
expected arrival nerve-fibres). This calculated the assump- 
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the recovery the muscle the advisability operation any given 
case. They also state “the hope that muscle biopsies could utilizea 
prognosticate the relative degree recovery that might expected 
and thus determine the advisability operation individual cases has 


not been realized.” 

The method which they adopted was one which likely cause 
secondary changes the muscle and increases the difficulties interpre- 
tation. series biopsies were taken from the same muscle (151 biopsies 
from muscles). noted that examination whole muscle 
few cases did not show “striking inconsistencies” atrophy 
different parts the same muscle. 

Consideration the material reviewed this study denervation 
and re-innervation has led the conclusion that there definite, 
although limited, field for the use muscle biopsies aid 
diagnosis, prognosis and treatment selected cases peripheral nerve 
injuries. 

SUMMARY. 

(1) The innervation, denervation and re-innervation human muscle 
has been studied material taken from patients with peripheral nerve 
injuries. 140 biopsies different muscles from cases were examined. 
The periods denervation observed ranged from forty-two days thirty 
years. 

(2) Denervation leads progressive shrinkage and ultimate destruc- 
tion the muscle fibres. 

three years, degeneration and disruption has 
been found the muscle-fibres. However, shrinkage and increase 
connective tissue part the muscle may too advanced 
allow recovery after essential changes 
during this period are: progressive but unequal shrinkage the 
muscle-fibres, progressive depletion the sarcoplasm the end- 
plate, progressive the pattern innervation and vascu- 
larization. 

(b) From three years onward disruptive changes occur: shrink- 
age the muscle-fibres associated with longitudinal splitting 
their substance into individual myofibrils and with transverse 
fragmentation. These fragments are found embedded connective 
tissue which they are ultimately replaced. There indication 
direct metaplasia into collagenous fibres. the latest stages 
denervation, muscle-fibres may represented tubes filled with 

pyknotic nuclei and granules irregular size and distribution, 
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tion that the lesion axonotmesis. then compared with 
the state the nerve and muscle found the biopsy, and 
diagnosis can then made. 

(5) Different types lesion the main nerve-trunk give character- 
istic pattern re-innervation the muscles; the degree re-innervation 
depending the nature and duration the lesion. possible 
distinguish between neurapraxia, partial lesions, axonotmesis and group 
composed unaided unions, unsuccessful sutures and traction injuries. 

(6) Where neither empty nor innervated nerve-trunks are found, 
diagnosis and prognosis can given based the state the muscle. 

(7) There evidence that the rate outgrowth the tips axons 
man not less than mm./day after axonotmesis. 

(8) There has been evidence that muscle biopsy procedure 
harmful the patient. muscle biopsy may taken under local 


(9) The main indications for biopsy are 
(a) determine the degree atrophy, extent fibrosis, 
presence vascular changes muscle where full clinical examin- 
ation has failed give conclusive evidence. 
(b) determine the nature the lesion the nerve where 
the history and clinical examination fail provide all the neces- 
sary data. 
(c) determine whether satisfactory, uniform wave re- 
innervation occurring longstanding high lesions nerves. 
The chances re-innervation the distal muscles and cutaneous 
sensory end-organs may assessed examination one the 
more proximal members the muscle group. 
(d) assist determining whether exploration, resection and 
re-suture indicated after primary secondary nerve repair. 
(e) determine whether delay return functional recovery 
due the state the nerve muscle both. 
(f) provide additional confirmation the necessity for 
operation where the patient needs reassurance. 
(10) Biopsy findings must considered conjunction with full 
clinical investigation. 
(11) Limitations the method are:— 
(a) The biopsy may contain Out 140 
biopsies contained nerve-trunks, contained only perivascular 
fibre. This represents per cent. the total, 
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(b) biopsy only small sample; where the lesion 
partial one unduly favourable depressing impression may 
gained. 

(c) Sufficient time must have elapsed for re-innervation have 
occurred and the lesion high may not justifiable wait 
for biopsy before exploring the nerve. 

(12) Repair nerve three years more after injury unlikely 
followed any useful functional recovery the muscle. 
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EXPLANATION PLATES. 


(Except where stated all figures are human muscles stained with 
Bielschowsky’s method). 


PLATE 
Fic. muscle-fibre with alternating and bands. Note granular 
constituents the border the band which intersected lighter portion 


(Hensen’s disc). 
2.—Detail fig. Note the regular distribution the granules the 


border the band. 

normal end-plate with the conspicuous arrangement the end-plate 
nuclei round the darkly staining end-plate cytoplasm. 

normal end-plate with the darkly staining Schwann cell nucleus 
close the entering nerve-fibre and the plumper lighter staining “inner true” 


end-plate nuclei. 
Fic. 5.—The pattern innervation normal muscle. The terminal branches 


innervating the end-plates lie near the nerve-trunks, 
Fic. end-plate. The terminal axon thickly myelinated down 


the point contact. 
Fic. normal end-plate lateral view with tapering and bulbous termina- 


tions the axon. 


PLATE XI. 
Fic. normal muscle-fibre with two 
Fic. pattern capillaries with numerous anastomoses normal 


muscle. 
Fic. 10.—A muscle-fibre days after denervation. The sarcoplasm the 


end-plate still conspicuous and the individual Schwann tube can followed 
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the old end-plate. Note the loosened arrangement the fibrils inside the 
muscle-fibre. 

Fic. days after denervation. The pattern the Schwann tubes 
still clearly outlined. Note wavy arrangement muscle-fibres. 

Fic. 12.—78 days after denervation. Showing the nuclei lying together 
short rows clumps. 

Fic. 13.—145 days after denervation. The nuclei are central position inside 
the muscle-fibre. 


PLATE 


Fic. 14.—69 days after denervation. Showing the increase connective tissue 
and fat apparently starting round the vessels. 

Fic. 15.—119 days after denervation. Showing the arrangement the nuclei 
long rews. 

16.—250 days after denervation. Showing the end-plate nuclei intact but 
loss the dark staining reaction the end-plate cytoplasm. 

Fic. 17.—250 days after denervation. The pattern the nerve-trunks and 
Schwann tubes still unaltered and clearly recognizable. 

Fic. 18.—250 days after denervation. empty 
with the individual Schwann tubes clearly outlined. 

Fic. 19.—119 days after denervation. small empty nerve-trunk embedded 
within the increasing connective tissue. 

Fic. 20.—250 days after denervation. Small nerve-trunk with histiocytes in- 
vading it. 

PLATE 

Fic. days after denervation. small intramuscular artery with 
narrowed lumen and thickened media. 

days after denervation. Showing the thickened and distorted 
capillaries. Compare with fig. 

Fic. days after denervation. Showing collections white blood 
corpuscles round the vessels. 

Fic. 24.—231 days after denervation. Showing collections white blood 
corpuscles round the vessels apparently followed action fibroblasts. 

Fic. 25.—1,086 days after denervation. Showing the unequal shrinkage the 
muscle-fibres. 

Fic, 26.—3,164 days after denervation. Showing highly atrophied muscle-fibre 
splitting into longitudinal 

Fic. years denervation. Showing highly atrophied muscle-fibre 
split into bands containing irregularly-distributed granules. 


PLATE XIV. 


Fic, 28.—25 years denervation. Showing fragment atrophic muscle- 
fibre lying isolated within the connective tissue. 

Fics. and 30.—25 years denervation. Last remnants atrophic muscle- 
fibres resembling fibroblasts. 

Fics. and 32.—26 years denervation. Round and oval fragments 
muscle-fibres surrounded nuclei lying embedded within the connective tissue. 

Fic. 33.—26 years denervation. Highly atrophic muscle-fibre process 
indentation which ultimately leads fragmentation. 

Fic, 34.—26 years denervation. Showing droplet hyalin degenerated 
material within the atrophic muscle-fibre. 
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Fic. 58.—Case 59, Table days after axonotmesis. Nerve-trunk innervated 
with only few thin fibres. Degree re-innervation corresponds early re-inner- 
vation after axonotmesis (period re-innervation days). 

case. Empty end-plate slightly atrophic muscle. 

Fic. 60.—Case 59, Table 197 days after axonotmesis. Nerve-trunk now 
re-innervated with more numerous and thicker nerve-fibres. 

Fic. 61.—Case R.41, Table 608 days after injury, 408 days after suture. 
The pattern delayed re-innervation muscle. There considerable atrophy 
the muscle and the nerve-fibres run for long distances along and across the 
muscle-fibres. 

Fic, case. Nerve-fibres running along muscle-fibre and ending with 
large end knob within the connective tissue. 


PLATE XIX. 


Fics. and 64.—Case B.52, Table 335 days after injury. Showing the 
varying degree re-innervation after unaided union traction injury. fig. 
most the nerve-trunks are still empty, others contain few thin nerve-fibres 
suggesting delayed re-innervation (calculated period re-innervation 245 days) 
whereas fig. shows nerve-trunk innervated with numerous rather thick nerve- 
fibres. 

Fic. 65.—Case G.12, Table 600 days after traction injury. Showing the 
varying degree re-innervation even within single nerve-trunk. There one 
thick nerve-fibre, and there are many empty Schwann tubes and few thin axons. 

Fic. 66.—Case C.57, Table 323 days after axonotmesis. Showing high 
degree recovery diameters nerve and muscle-fibres after axonotmesis, 
thick nerve-fibre seen innervating old 

Fic. 67.—Case B.52, Table 335 days after unaided union. Showing re-inner- 
vation after unaided union. Re-innervation apparently delayed, thin nerve- 
fibre seen running within the connective tissue near atrophic muscle-fibre. 

Fic. 68.—Case C.57, Table 323 days after axonotmesis. Showing normal 
degree re-innervation which can achieved after axonotmesis. 


PLATE 


Fic. 69.—Case Q.2, Table 3,164 days after injury, 693 days after suture. 
Showing the extreme degree atrophy after long period denervation. Only 
remnants muscle-fibres are found embedded the connective tissue. 

Fics. and 71.—Same case. Showing satisfactory degree re-innervation 
the intramuscular nerve trunks. recovery was possible owing the extreme 
degree atrophy the muscle. 

Fic. 72.—Case G.45, Table 178 days after axonotmesis. Showing early 
re-innervation the nerve trunk. Degree re-innervation corresponds re-inner- 
vation after axonotmesis (period re-innervation days); 

Fic. 73.—Same case. Showing re-innervation end-plate after axonotmesis. 

Fic. 74.—Case M.68: 331 days after injury. Showing considerable atrophy 
the muscle-fibres, some represented homogenous bands which lie scattered 
within the connective tissue. Findings suggest vascular lesion, 
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PLATE 


Fic. 35.—25 years denervation. atrophic muscle-fibre filled with 
irregularly-distributed granules. Beside darkly staining nuclei there large 
vacuole apparently indicating the result karyolysis. 

Fic. 36.—20 years denervation. Highly atrophic muscle-fibre with granules 
different size, still orderly alignment the levels the band. 

Fics. 37, and 39.—20 years denervation. Highly atrophic muscle-fibres 
with irregularly-distributed granules. 

Fic. years denervation. attenuated remnant muscle-fibre 
with single longitudinally- spaced granules one end. 

Fic. years denervation. Two highly atrophic muscle-fibres with 
irregularly-distributed granules varying size. 


PLATE XVI. 

Fics. and 43.—25 years denervation showing highly atrophic muscle-fibres 
with irregularly -distributed granules. 

44.—26 years denervation. muscle-fibre with the sarcoplasm retract- 
ing from the periphery leaving the sarcolemma clearly outlined. 
eosin.) 

years denervation. atrophic muscle-fibre filled with clumps 
small nuclei equal size. 

46.—26 years denervation. Fragments highly atrophic muscle-fibres 
filled with knotic nuclei, some fused clumps, others surrounded clear halos 
inside the muscle substance. 

Fic. denervation. Fragments muscle-fibres with pyknotic 
nuclei, some fused clumps. 

Fic. 48.—25 years denervation. Large pyknotic mass inside muscle-fibre 
produced the confluence chromatin material many nuclei. 

49.—25 years denervation. Showing the halo formation round nucleus 
process breaking up. 

PLATE XVII. 

Fic. 50.—26 years denervation. Nuclear changes highly atrophic muscle- 
fibres. Pyknotic nuclei are found with others which the chromatin breaking 
up, and one, only the nuclear membrane outlined. 

Fic. years denervation. Large intramuscular nerve-trunk embedded 
within connective tissue and fat. 

Fic. denervation. Showing the end-result denervation 
atrophy which only fat and connective tissue interspersed with 
trunks and blood-vessels are found. 

Fic. years denervation. Showing the intramuscular capillaries isolated 
within the connective tissue. 

years denervation. Showing the elongated connective tissue 
cells resembling tendon. 

Fic. 55.—3 years after denervation. Showing part the muscle replaced fat 
and connective tissue. 

Fic. 56.—Muscle-fibres case upper motor paralysis seven years’ dura- 
tion, the long rows nuclei resemble those found denervated 


PLATE XVIII. 


Fic. H.47, Table days after axonotmesis. Nerve-trunk inner- 
vated with only few thin nerve-fibres corresponding early re-innervation after 
axonotmesis (period re-innervation days). 
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clinical routine quotation from modern review the physiological 
aspects chronaxie (Davis and Forbes, 1936) should borne mind: 
“The use chronaxie clinical index excitability should placed 
completely empirical basis, and much attention given standard- 
ized determinations the rheobase the chronaxie 
excitation nerve general has been reviewed from the theoretical 
view-point Katz (1939). 
addition the methods already mentioned, there are two further 
electro-diagnostic techniques which can made use muscle testing 
the estimation nerve regeneration man. One consists 
stimulation the nerve-muscle complex with alternating current 
frequency and voltage, and has been employed laboratory 
work animals Hill (1936). The varying rate change current 
with alternation frequency leads well-marked sensitivity 
specific frequency—the effect described Coppée (1936) 
—and this frequency should differ considerably the cases normal and 
denervated muscle. The diagnostic value this effect cases 
nerve injury man suggested Grodins, Osborne, Johnson and Ivy 
(1944), but far aware has not been tested practice. The second 
method the well-known test for automatic innervation based measure- 
ments the skin resistance electric current (Carmichael, 1941; Richter, 
measurements can readily carried out, but their value 
detecting early signs regeneration limited, any rate high 
nerve injuries, the distal distribution the autonomic fibres com- 
pared with the motor component the same nerve, which may reinner- 
vate proximal muscles after relatively short path regeneration. 
This paper describes series measurements carried out patients 
suffering trom various peripheral nerve injuries. intention has been 
establish simple technique for examination large numbers nerve 
injury cases which would afford the maximum information compatible 
with reasonable routine simplicity. Four sets measurements were 
recorded from each case. These were (1) the strength-duration relation- 
ship threshold electrical stimuli (which include chronaxie figures); 
(2) the condenser capacities necessary for excitation the technique 
Cluzet (1905) and Lewis Jones (1912); (3) the accommodation 
constants the muscle during regeneration, measured progressive 
currents; and (4) the thresholds excitability the nerve-muscle 
complex alternating currents varying frequency. the course 
the investigation became apparent that method (3) 
thoroughly worked out elsewhere, and the testing nerve injuries 
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THE ELECTRICAL DIAGNOSIS PERIPHERAL 
NERVE INJURY. 
ANTHONY RITCHIE. 


(From the Department Physiology, University Edinburgh, and Gogarburn 
Peripheral Nerve Unit, Scoitish E.M.S. 


INTRODUCTION. 

Tue peripheral nerve injuries produced time afford 
opportunity assessing the value electrical stimulation the diagnosis 
and prognosis damage the neuromuscular mechanism. The position 
electro-diagnosis the close the 1914-18 War has been summed 
the M.R.C. Report 1920, which describes the two main methods 
employed. these, one, the classical galvanic-faradic test, has been 
used for long time, and has survived unaltered the standard routine 
electrical method for the examination peripheral nerve injuries; the 
second, the Cluzet (1905) method utilizing the discharge condensers 
initially charged fixed voltage, has given certain amount quan- 
titative information the hands several authorities (Worster-Drought, 
1920). Methods which have been developed for physiological research 
have also been applied the clinical problem: the assessment the 
strength-duration relationship applied electrical stimuli (Adrian, 1917), 
and the measurement chronaxie man (Bourguignon, 1923) were 
advances attempting systematic quantitative study the excitation 
normal and denervated muscle the human subject. 

Since that time the rapid development electronic technique has 
resulted continual refinement the apparatus used for producing 
electrical stimuli both the laboratory and clinical practice, and the 
present position electro-diagnosis has been recently reviewed Grodins, 
Osborne and Ivy (1942), and Bauwens (1943). earlier paper 
dealing with the possible technical approaches Bauwens (1941) adds the 
method testing with modulated progressive currents described 
Solandt (1936) for the measurement “accommodation” man, and 
recent observations obtained allied technique have been reported 
Pollock, Golseth and Arieff (1944). 

The theoretical implications such excitability indices the chron- 
axie the accommodation constant tissue have become increasingly 
far removed from practical utility, and the endeavour apply such 
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means progressive currents has been reported detail Pollock 
al. (1944). Neither methods (2) nor (4) could, our hands, made 
yield figures consistent significance, and only those results obtained 
from study the strength-duration curves will reported detail. 


Recording the strength-duration relationship threshold 
has the merit being quantitative elaboration the well-understood 
galvanic-faradic test, wherein the short-lasting stimuli from the average 
faradic coil are incapable exciting denervated muscle contract 
within the limits voltage ordinarily obtainable. its classical form 
the test not capable precise assessment because the variable and 
inconstant amplitude and configuration the faradic current. Stimuli 
were accordingly obtained from thermionic valve generator which has 
been described elsewhere (Ritchie, 1944) arranged provide shocks 
known voltage, duration, and frequency. The voltage configuration 
corresponded approximately “square” impulse, the rise and fall 
potential occupying one two microseconds only, and the duration 
plateau being substantially level. The instrument was designed that 
the voltage and shape the stimuli was unaffected variations the 
resistance between the electrodes. Five predetermined durations 
stimulus, ranging from one-tenth second ten microseconds, were 
used for obtaining each voltage-duration curve, and 
voltage for excitation each one these durations was determined 
continuously variable calibrated voltage control ranging from 0-100 volts. 
The variable frequency properties the stimulator were not utilized 
was found convenient apply the stimuli the very slow rate about 
one per second; the twitch responses produced are more readily detect- 
able than tetanic contractions, the procedure more comfortable for the 
subject and has the theoretical justification minimizing polarization. 
The calibration the stimuli both regards amplitude and duration 
were repeatedly checked during actual muscle-testing means 
cathode-ray oscilloscope 
The stimuli were led the patient means two electrodes soaked 
in. in. covered with felt and connected the anode, and exciting 
electrode consisting in. length thick rubber tubing cm. 
internal diameter into the upper end which metal terminal was 
inserted while the lower end was plugged with cotton wool (fig. 
type electrode has the merits simplicity and cleanliness, maintain- 
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ing constant contact area, and permitting the supporting fingers 
used for palpation the underlying muscle. 

The observations reported are confined the upper limb, which. before 
test was well warmed ten minutes’ exposure radiant heat lamp, 
and examined lying pillow; the indifferent electrode may disposed 
convenient, with the arm resting upon it. the case normally 
innervated muscle the identification the most sensitive spot for the 
stimulating electrode—the classical “motor point” which overlies the 
entry the main motor nerve into the muscle, which the nerve 
most accessible the passage current—is matter importance 
results are reproducible successive examinations; can 
located only exploration, and once found, the electrode must kept 
until the five different duration readings have been 
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Fic. 


placement the electrode from the motor point has very considerable 
effect the value the rheobase (fig. 1), although does not affect the 
general shape the voltage-duration curve. the case denervated 
muscle minor displacements the electrode are less disturbing the 
results, but the optimum position must found trial. The preliminary 
search has the advantages accustoming the subject the procedure and 
affording the operator opportunity determining the best place and 
method detecting the muscular responses. 

Various devices such mirrors and tambours have been tried 
enable the observer detect very small responses; have found that 
the difficulties routine testing far outweigh the advantages sensitivity, 
and with practice there little difficulty detecting small twitches 


Ic. 1.—The variation rheobase with electrode displacement from the “motor 
point” normal Mean result measurements various forearm 
muscles. Inset: type stimulating electrode used. 


an 
| 
is 
lem: 
ae 
rs, 
q 
q 
= 


= 


318 ANTHONY RITCHIE 


eye palpation, working the same extent response each 
successive reading the curve taken. The voltage required produce 
the smallest definitely detectable twitch noted for each the five 
stimulus durations, and the curves plotted from these figures. Constancy 
these minor points procedure essential obtain records compar- 
able from one patient another, and from the same individual 
different occasions. The value this respect recording the complete 
strength-duration curve compared with isolated chronaxie measure- 
ments has been emphasized Rushton (1935) and Bauwens (1941). 


Milliseconds 


Fic. 


The characteristic voltage-duration relationship threshold stimuli 
for normal muscle represented graphically fig. which indicates also 
the Standard Deviation found serial examinations the same muscle 
the same individual over period time, and therefore affords 
measure the constancy the technique described. The muscle 
selected for this series, namely the first dorsal interosseous muscle 
the hand, one which has high rheobase value. The difference the 
curves obtained from normal and from denervated muscle shown 
fig. wherein the grouped figures from number unselected cases have 
been brought together without regard any particular muscle motor 


Fic. 2.—The variation the Voltage-Time curves the same muscle 
normal subject. Range figured represents the mean, plus and minus the Standard 
Deviation, series 100 measurements carried out over period three 
months. Muscle—left first dorsal interosseous hand. 
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nerve. The figures for denervated muscle are taken from muscles whose 
motor nerve has been divided operation (prior suture) and which has 
had time undergo regeneration; the normal figures are taken from 
the healthy contralateral muscles each case. grouping different 
muscles, have borne mind that there are small differences between 
flexor and extensor muscles the same limb (Bourguignon, 1923), and 
that has been claimed that the chronaxie muscle depends some 
degree its connection with higher centres subordination” 
Lapicque, 1935), but these differences are not systematically apparent 
routine examination, and are not significant compared with the S.D. 
the method. The figures given fig. represent accordingly 


NORMAL 
Muscles 


RANGE 


20 


Milliseconds 


Fic. 


exaggerated reason including muscles with widely differing 
but are measure the constancy expected the 
examination upper limb nerve injuries general. The limits 
curve value found examination one individual patient intervals 
with respect denervated muscle and the normal contralateral 
muscle are given fig. this case curves were taken three 
occasions from man with complete division the radial nerve 
bomb fragment (as verified operation); these occasions were admis- 
sion three weeks after injury, after further wait fortnight hospital, 
and five weeks after nerve suture had been carried out. all these 


Fic. graph the Voltage-Time curves normal and denervated 
muscle. Denervated figures from cases known surgical denervation; normals 
from unselected cases. Each range represents mean plus and minus Standard 
Deviation. Assorted hand and forearm muscles grouped together. 
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examinations there can doubt that the muscles were fact totally 
denervated, the differences the curves shown are not significant, and 
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Fic. 
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Milliseconds 


Fic. 


the variation expected practical testing this method. 
The remaining graphs depict the alteration the voltage-duration 


Fic. 4.—Case Complete division radial nerve above elbow. Denervated 
extensor digitorum communis muscle admission; after two weeks’ physio- 
therapy; after operation. control records from contralateral normal muscle. 


Fic. 5.—Case Paresis ulnar nerve from occupational pressure. Spon- 
taneous recovery. Voluntary movement never entirely lost. Flexor carpi ulnaris 
muscle; normal contralateral. 
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curves recovery takes place from various types nerve paralysis. The 
cases pressure palsy where paresis varying degree without complete 
nerve degeneration occurs—the “neurapraxia” defined Seddon (1943)— 
are exemplified fig. where the normal curves are not greatly dis- 
torted, but indicate increased rheobase and somewhat lengthened 
value chronaxie, both returning gradually towards normal voluntary 
power increases strength. Seddon states that pressure palsies there 
change electrical excitability, referring the fact that faradic 
response never lost; have constantly observed minor changes during 
recovery when figures are recorded this method, although the altera- 
tions are-never marked those cases true total nerve degeneration. 


Milliseconds 


Fic. 


The retention normal excitability motor paralysis due hysteria 
well known, and presented quantitatively fig. where the voltage- 
duration figures from the inoperative muscle correspond within the S.D. 
these from the normal contralateral muscle. 

has been shown fig. the curves from normal and from muscle 
whose motor nerve has undergone Wallerian degeneration are markedly 
different. records the excitability the paralysed muscles taken 
regular intervals regeneration proceeds, intermediate values the 
voltage-duration figures can obtained, and these may some value 
assessing recovery success operative measures. the following 


Fic. 6.—Case Functional paralysis. Reappearance radial paralysis 
nerve known have been injured four years previously, and have recovered. 
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blow, which left bruising discoloration the skin but resulted 
the clinical features complete radial nerve division its level. 
operation the radial nerve fact proved divided, and the curve 
taken shortly after operation and suture coincides with that recorded 
admission, whose figures had some extent influenced the decision for 
early exploration. Ten weeks after suture the voltage-duration curve 
the ext. digitorum communis muscle fell, for the first time, below and 
without the range expected from totally denervated 
further six weeks elapsed before any signs voluntary movement could 
detected clinically, which stage the excitability curve was again 
found slightly lowered. These stages were confirmed four 


Milliseconds 


Fic. 


the muscles supplied the radial nerve this patient. After the appear- 
ance voluntary power the excitability figures gradually return towards 
normal the muscle increases strength. 

similar case recorded fig. where the radial palsy was due 
high fracture the humerus, and where operation was delayed for some 
time. this case the lesion was higher the course the nerve, and 
circumstances not favourable for rapid regeneration, that lowering 
the curve indicating progress did not appear until the twenty-fifth week 
after operation, preceding nine weeks the return voluntary move- 
ment. all such cases the evidence regeneration course sought 
the muscles most proximally innervated below the line suture, 


Fic. Facial nerve section and spontaneous recovery. Gradual 
recovery excitability and muscle tone without individual muscle movement. 
Occ.-frontalis muscle forehead; normal contralateral. 
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cases curves have been recorded weekly intervals, and those which show 


significant alteration plotted with their dates. Fig. represents such 
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records from patient who was flicked the upper arm the airscrew 
aeroplane which was starting up; received very glancing 


admission. First sign re-innervation twenty-five weeks after nerve suture; 
voluntary power detectable thirty-four weeks. Ext. dig. communis muscle; 


normal contralateral. 
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total denervation which have been followed voluntary recovery 
the forearm muscles, the average interval between excitability improve- 
ment and subsequent voluntary recovery has been five weeks, with limits 
nine and three weeks. one these cases was interval absent, 
and case which showed improvement excitability failed within the 
next few weeks develop voluntary movement. interval has also 
been recorded recovery from high injury the median and ulnar 
nerves, but has consistently been less than that occurring radial nerve 
recovery; five cases median nerve division and seven ulnar nerve 
division the interval has averaged two weeks, and single case did 
exceed three weeks. that all cases this interval between 
electrical improvement and clinical motor recovery tends increase 


the more distal muscles suggestive but inconclusive, and further records 
are necessary before statement can made that point; the 
present have been handicapped the natural course disposal 
Service patients who, once recognized recovering satisfactorily, are 
rarely available for regular weekly examination. 


Discussion. 
The method described affords quantitative expression the well- 
known galvanic-faradic test for the so-called Reaction Degeneration, 
which assumed that muscular response faradic stimuli the 
durations and voltages ordinarily produced commercial instruments 
implies certain number normal neuromuscular motor units. The 
distinction which the voltage-duration curves make between normal and 
paralysed muscle respect motor fibre degeneration only, and the 
technique does not differentiate between Wallerian degeneration 
duced traumatic surgical division and that occurring result 
severe protracted damage without actual anatomical nerve division, 
nor does afford any account the extent motor power that may 
ultimately recovered. 
From the physiological point view the curves represent purely 
empirical sets figures obtained standardized technique and, for 
various reasons, are not necessarily conformity with strength-duration 
curves, chronaxie values taken under different clinical 
conditions. the first place, Doupe (1943) has shown that the response 
denervated muscle long duration pulses repetitive, evidenced 
electromyogram records the action potentials taken with concentric 
needle electrodes, whereas the response the shorter duration stimuli are 
not this nature: the circumstances the muscle twitch 
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the first sign improvement implies that regenerating axons have success- 
fully passed down the first part any rate the damaged nerve. How- 
ever the excitability alterations described can measured the more 

distally innervated muscles also, although their practical clinical signifi- 

cance there less importance except cases where suspected that 
regeneration has been delayed arrested. The course recovery 

case facial nerve injury arising from operative section shown 

fig. which also serves illustrate one the pitfalls this excitability 
measurement for innervation, that the voltage-duration curves give 

account whatsoever the ultimate amount muscle which will 
re-innervated, the amount motor power which the patient will 

regain. the records this case the gradual curve shift from that 
characteristic total denervation towards that indicative some degree 

normal innervation well shown, but the time the last examina- 

tion the patient had recovered useful degree motor power, the only 

clinical evidence innervation being certain improvement the general 

tone tautness the affected facial muscles: apparently the amount 

muscle innervated, though sufficient give twitch response 
stimulation, was inadequate bring about 
movement. 

these last three instances noteworthy that re-innervation 
evidenced the voltage-duration figures precedes interval weeks 
the appearance voluntary movement the same muscles. the gal- 
vanic-faradic test usually carried out generally agreed that the 
return voluntary power accompanies may even precede the return 
faradic response (Cumberbatch, 1941; Kovacs, 
curves published Marble, Hamlin, and Watkins (1942) using slightly 
different technique from ours have shown similar indications electrical 
improvement before motor, although they mention that their impression 
that sensory recovery precedes both. This may certain levels 
injury certain nerves, but the instances given high injury the 
radial nerve the distance from the lesion the border the nearest area 
sensory loss very much greater than the distance from the lesion 
the proximal denervated muscle, and the necessary amount regenera- 
tion correspondingly greater. This also applies the other nerves supply- 
ing the muscles the forearm and hand. this series observations 
have not detected sensory recovery prior motor, with the exception 
few cases partial median and ulnar nerve injury distal level 
the forearm. 
ten cases injury the radial nerve the upper arm resulting 
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Grey Walter further points out that the records voltage-duration 
curves differ absolute magnitude from those current-duration curves, 
and that important realize which method being used order 
compare chronaxie figures taken from such curves. 
curve gives normal motor chronaxie values man ranging from 0:02 
m/sec., whereas the usually accepted figures obtained from methods 
the current has been stabilized are about ten times long. The 
classical measurements chronaxie man carried out Bourguignon 
(1923) were obtained method using condenser discharges network 
which effect stabilized current flows, and the recent strength-duration 
curves published Bauwens (1943) and Pollock, Golseth and 
(1944) means thermionic pulse generators with rectangular current 
wave-form. Despite the difference absolute magnitude the figures, 
the curves are almost identical shape, and there evidence 
present that practical information can obtained from either method 
which not also revealed the other. Grey Walter, comparative 
clinical test and constant-voltage instruments, states 
that the diagnostic efficiency the two are similar, but that the constant- 
voltage type stimuli are better tolerated patient, whereas the 
short stimuli are liable cause considerable has 
been emphasized Bauwens that any attempt reduce the “condition” 
the neuromuscular complex set figures doomed failure, and 
that the value any quantitative method excitation testing rests 
serial examinations the same individual under standardized conditions, 
reliance being placed upon changes figures rather than upon the figures 
themselves absolute values. 

Pollock, Golseth and Arieff (1944) series current-duration curves 
worked out animals and man have described the discontinuities 
noticed such records Adrian (1917) indicative early innervation 
recovering muscle-nerve complex, and point out that these “kinks” 
are found curves taken from muscles which have the time examin- 
ation both innervated and denervated component, although has 
been questioned (Doupe, 1943) whether fact discontinuities are due 
two types excitable tissue present the same time. Our voltage- 
duration curves have been recorded with too few duration points 
identify discontinuities with certainty, but certain cases there has been 
doubt that such kinks are revealed the voltage-duration technique 
well the current-duration curves. have accepted only 
change the curve without the Standard Deviation series readings 
being significant importance, and the information gained has been 
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are not the same the two extremes the curve. Secondly, the con- 
figuration the transient potentials and currents the actual excitable 
tissues cannot determined with precision. can readily demon- 
strated that the body part whole behaves conductor whose 
resistance cannot described Ohm’s Law; the virtual capacities and 
resistances involved the layers tissue imply very distorted current 
wave the deeper structures (and probably the excitable region itself) 
that the application rectangular voltage stimulus the electrodes 
results current flow through the tissue the form shown the 
oscillogram fig. the same reason applied stimulus whose 
current shape rectangular gives rise very peaked potentials the 
tissues. This distortion effect does not take place only the skin, 
have shown using the subcutaneous electrodes consisting novocain 


Fic. 10. 


wheals suggested Doupe (1943), and these peaked potentials can 
detected across concentric needle electrode which has been inserted into 
the muscle substance. Grey Walter (1944) has shown that the actual 
current flow resulting from rectangular voltage stimuli depends the 
duration the and describes the effect pointing out that 
the reactance the tissue lower for the shorter stimuli than 
for the longer ones: there therefore simple relationship between 
current and voltage stimuli varying duration are employed. 
Davis and Forbes (1936) remark “the important question whether one 
ever able measure the absolute time factor the excitation process 
itself when the depolarizing current not applied directly the seat 
this process but through tissues which may alter considerably the effective 
duration and intensity given stimulus.” 


Fic. Voltage-Current relationship rectangular stimulus applied 
(A) trough saline and (B) the forearm muscles with the usual electrodes 
each case. Recorded with double-beam oscillograph: applied voltage 
electrodes, resultant current flow tissues. Length stimulus milli- 
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described above. The explanation for the observed excitability change prior 
voluntary recovery most probably lies the functional changes the 
regenerating axon after its arrival muscle. The process maturation 
regenerating nerve sweeeps down the nerve some time after the 
advance the axon tips, and slower rate, and may well come about 
that stage occurs where axon connected with its motor unit may 
excitable local electric stimulation though yet incapable con- 
ducting the motor nerve impulses throughout its whole course from 
above downwards. Electrical excitability preceding voluntary movement 
has been recorded animals after experimental nerve division Gutt- 
mann (1942) and Guttmann and Young (1944), and the histological facts 
maturation are discussed connection with the problems functional 
recovery. also possible that the interval man related the 
anatomical arrangement the newly innervated motor units. The 
appearance voluntary contraction implies the existence certain 
number motor units innervated such way that co-ordinated action 
can take place. have already recorded the observation that sufficient 
normally innervated motor units may present muscle give 
significantly normal voltage-duration curve although that muscle may 
incapable active voluntary movement, and clinical experience that 
improvement “tone” may recognized before voluntary power (Tinel, 
may due the fact that the number innervated motor 
units large enough produce twitch local stimulation, but 
inadequate give the ordinary voluntary movement, that anato- 
mical arrangement such give the same effect. Evidence that this 
reorganisation not the main factor the delay period afforded 
examination cases where axonotmesis defined Seddon was the 
known lesion. such cases the intraneural arrangement the nerve 
fibres not disturbed, but interval the same order described for 
nerve division and suture has been detected the few certain cases 
such injury that have been able examine. The observed interval 
distinctly longer the case radial nerve division than section 
the ulnar and median nerves, whose proportion motor 
known very considerably less. The number cases here reported 
too small afford more than basis conjecture and future observa- 
tion this point. 

have not included chronaxie figures the records, though they 
can read from the graphs, they have theoretical significance under 
the conditions measurement, and are inferior complete curve for 
diagnostic and prognostic purposes. express the chief features 
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such curves important take the rheobase value into account, and 
Lassalle (1928) has proposed the index (rheobase squared multiplied 
chronaxie) the most satisfactory single figure expressing relative 
changes neuromuscular excitability evidenced 
curves. Such index, having the dimensions energy and taking into 
account the rheobase value, would appear more logical one any 
single figure can adequate, but practice the recording the five- 
point curve can very rapidly carried out, and has the advantage not 
depending measurements. 


(1) technique for the routine determination strength-duration 
excitability curves patients suffering from peripheral nerve injury 
described, and the degree precision attained practice estimated. 

(2) Characteristic quantitative differences are observed the excita- 
bility normal and denervated muscle; during re-innervation inter- 


mediate values are detectable. 


(3) Improvement excitability appears short time before the 


earliest sign recovery detectable purely clinical means, this 
effect value prognosis. physiological basis this time 
interval discussed. 

(4) The differences absolute value strength-duration figures 
obtained different methods make the current-voltage relationships 
living tissues great importance quantitative stimulation measure- 
ments; account the reactance the tissues stimuli definite shape 
applied the electrodes give rise very different potential gradients 


across the actual excitable region. 


The author wishes thank Professor Learmonth and the Staff 
the Gogarburn Peripheral Nerve Unit for advice and encouragement 
many ways, and indebted the Wilkie Surgical Research Fund, 
Edinburgh University, for assistance the provision apparatus. The 
data given fig. were compiled Mr. Nicol. 
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DISORDERS VISUAL SPACE PERCEPTION ASSOCIATED 
WITH LESIONS THE RIGHT CEREBRAL HEMISPHERE. 


ANDREW PATERSON AND ZANGWILL, 
(Brain Injuries Unit, Edinburgh.) 


visual space perception due cerebral lesions have long 
been recognized. Among the grosser forms, the phenomenon 
disorientation especially noteworthy. This disorder was described 
detail number observers during the last war (Smith and Holmes, 
1916; Riddoch, 1917; Holmes, 1918, 1919; Holmes and Horrax, 1919). 
Its main characteristics have been well summarized Holmes (1919) and, 
more recently, Russell Brain (1941). Here sufficient recall that 
visual disorientation implies defective localization objects 
the absence visual object-agnosia. The disorientation rule 
more pronounced the sagittal than the coronal plane and typically 
associated with more less specific disturbances oculo-motor co-ordina- 
tion and control. Riddoch’s (1917) case, that Holmes and 
Horrax (1919), stereoscopic vision was additionally lost. The visual 
impairment all these cases was associated with bilateral 
involving the posterior and upper parts both parietal lobes. 

Riddoch (1935), and more recently Russell Brain (1941), have described 
cases which visual disorientation was confined homonymous half- 


fields and associated with appropriate unilateral lesion. three 
Brain’s cases, which the lesion was right-sided, the disorientation was 
associated with tendency ignore the left half visual space, with 


difficulties route-finding, and with “apraxia” for dressing. these 
cases there was massive lesion the parieto-occipital region the right 
hemisphere. Russell Brain emphasizes the close relationship between 
agnosia for the left external space and neglect the left side 
the body. also attributes the difficulties route-finding largely, 
not exclusively, the left-sided spatial agnosia. 

Disorders visual space perception due cerebral lesions have 
prominent place the German literature. Notable contributions are 
those Kleist (1922), (1928) and Lange (1936). The last-named 
author has summarized well the principal varieties visual-spatial 
agnosia recognized the German literature. These distinguishes 
the one hand from colour and object-agnosia and the other from the 
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Russell Brain also devote some discussion these important 
relationships. 

The bearing the above disorders what has come called 
constructional apraxia demands brief comment. This syndrome, first 
defined Kleist (1922), has been the subject much discussion the 
more recent literature (cf. e.g. Lhermitte and co-workers, 1925, 1928, 1933; 
Weisenburg and McBride, 1935; Mayer-Gross. 1935, 1936; Stengel, 1944). 
particular, the propriety treating truly executive derangement 
has been much debated. Kleist himself ascribed constructional apraxia 
deficient visual manual activity and stressed its close affinity 
with the disorder described Poppelreuter (1917) “optic apraxia.” 
Lhermitte and his co-workers take broadly similar view and attribute 
the disorder rupture between visual perception its spatial aspects 
and the appropriate patterns volitional activity with which 
ception normally correlated. They emphasize that spatial perception 
such was intact their cases but all failed apply spatial principles 
high-grade executive activity. Mayer-Gross (1935) was likewise led 
conclude that constructional apraxia genuinely executive derange- 
ment restricted complex manipulative behaviour. later communi- 
cation (1936), the other hand, lays much greater stress the 
perceptual factor and postulates additional specific defect 
visual-spatial cognition. may also remark that Lange, his general 
review (1936), treats the syndrome under the general heading agnosia 
rather than apraxia. The upshot appears that whereas constructive 
defects are commonly associated disorders visual perception, the 
relative predominance agnostic and apraxic elements varies from case 
case and single generalization will cover the diversity clinical 
pictures. 

case particular importance for understanding the visual- 
spatial agnosias was reported 1932 Scheller and Seidemann. This 
was case vascular cerebral lesion with predominantly (though not 
exclusively) left-sided neurological findings. There was 
object-agnosia, right-left disorientation disturbance general memory. 
Nor was there significant impairment visual localization the strict 
sense. But the patient showed striking disorders topographic orienta- 
tion and some tendency ignore the left half space. was unable 
learn his way about and utterly failed integrate all but the simplest 
spatial relationships the central field vision. Scheller and Seidemann, 
who discuss the theory their case very great detail, conclude that the 
left-sided spatial agnosia was relatively unimportant feature the 
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disorder synthetic apprehension termed “simultaneous agnosia.” Lange 
argues that the visual-spatial agnosias proper, the patient can always 
perceive and recognize individual object presented either alone 
meaningful context. But visual space whole disorganized. The 
patient longer appreciates given figure spatially organized unit 
and attention any one part apt destroy its character 
integrated whole. But Lange draws sharp distinction between 
“agnostic” and “apraxic” disorders this level reaction and through- 
out constrained stress the praxic element visual space perception. 
Indeed uses “agnosia for spatial relationship” and “apraxia for spatial 
articulation” interchangeable terms. Agnostic disorders, 
lead secondarily apraxic and vice versa. And although the symptoms 
any given case may show themselves agnostic 
predominantly apraxic rigid distinctions between gnosis 
are possible this sphere. 

The principal types agnostic-apraxic disorder visual 
ception distinguished Lange are follows 

(1) “Dyslexia.”' This peculiar disturbance reading characterized 
place, and difficulty shifting fixation from the end one line the 
beginning the next. This symptom was remarked Holmes (1918, 
1919) his cases visual disorientation and has since been made the 
subject careful study Jossmann Defective visual per- 
ception number This characteristic difficulty counting scattered 
objects the visual field and especially pronounced where number 
successive acts fixation are demanded. was also reported 
Holmes (1918, Visual-spatial agnosia: Here there grossly 
defective appreciation spatial relations the visual field with 
(4) Apractognosia for spatial Included under this heading 
are variety syndromes which relatively marked apraxic features 
are combined with the visual symptoms. many these disorders, 
disorientation for right and left and associated disturbances the body 
scheme are especially pronounced and have been given much weight 
Lhermitte and his school (1925, 1928, 1933). Lange (1930, 1936) and 


This term current the German literature contradistinction “alexia.” 
The latter term reserved for primary disorders symbolic recognition due 
lesions the dominant hemisphere. view the prevalent use the term 
“dyslexia” connote milder grades alexia suitable translation immed- 


iately forthcoming. 
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syndrome. They argue that the primary disorder conceived 
narrowing restriction the field visual attention. view this 
defect, any object the focus attention lacked its customary spatial 
definition and relationship adjacent further argued that 
the patient was unable integrate consecutive visual perceptions corres- 
ponding series shifts ocular fixation. moving his eyes over 
the visual field could not build coherent spatial framework 
background. The authors allege that volitional eye-movements follow 
rather than precede shifts attention and the oculo-motor symptoms 
shown their case are therefore ascribed the impairment 
visual attention. The disorder thus agnostic rather than apraxic. 
Lange, however, his discussion this case (1936), doubts whether 
strict primacy can accorded either factor. 

The concept selective restriction visual attention has also been 
advanced Holmes (1918, 1919). But his view the defect 
independent disorientation and kindred perceptual symptoms and does 
not itself explain them. Holmes likewise treats the anomalies ocular 
control, some his cases least, secondary inaccurate spatial 
localization and, indeed, its natural consequence. venture, however, 
comment that this view has found its critics—one the most tren- 
chant being Piéron author argues pertinently that visual 
space perception largely built the basis the ocular reflexes and 
disorientation must therefore ascribed primary interference with 
their proper integration and control. certain his cases, moreover, 
Holmes himself believes that primary disturbance the central 
mechanisms subserving oculo-motor control must adduced. later 
communication (1938), again touches the relation visual orienta- 
tion the cerebral integration ocular movements but does not 
elaborate further. general, the precise relationship 
agnostic oculo-motor symptoms evidently obscure and merits further 
clarification. 

may now briefly consider the cerebral localization visual-spatial 
disorders. Lange (1936), who stresses the parietal lobes relation 
agnosia generally, comments that right-sided lesions are “surprisingly 
important” from the standpoint visual space perception (1936, 838). 
Again, his general review localization agnosia, maintains that 
whereas the left parietal lobe closely concerned with activities 
visual-constructional type the right parietal region equal, and perhaps 
decisive, importance for disorders spatial orientation (1936, 880). 
assessing this view, however, appears important bear mind 
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that disorders spatial orientation less 
disturbances were prominent the cases with left-sided lesions grouped 
Head (1926) the category semantic aphasia. shall return 
this discrepancy our discussion. For the present, appears justifiable 
conclude that, with the sole exception massive agnosia for the left 
half visual space, there are clear-cut visual-spatial symptoms 
associated with lesions the right parietal region which have not also 
been described cases with corresponding lesions the left side. 

The object the present paper report two cases traumatic 
brain injury involving the parieto-occipital area the right cerebral hemi- 
sphere. These cases presented number the special visual symptoms 
described above and were particularly well adapted detailed study. 
venture hope that our material may contribute towards better under- 
standing the visual-spatial disorders, with especial reference the 
functions the non-dominant hemisphere. also hope that our 
special investigations may throw light. the relationship between 
perceptual and constructional disabilities the general sphere visual 
space perception. 


Healthy man, aged 39, right-handed. received compound 
penetrating wound right parieto-occipital area due explosion which caused 
large steel nut penetrate skull and lodge the immediately subjacent brain 
tissue. Unconscious two three minutes only. The patient remembered the flash 
the explosion but further until was the Ward 
traumatic amnesia did not therefore exceed few hours and retrograde amnesia 
was obviously very brief. complained headache and mistiness vision 
but difficulty the use arms legs. defect hearing. The patient 
was fully aware the fact that had been hit over the back the head. 
admission hospital (22.9.43) the wound was found septic and treated with 
sulphathiazole. abnormal physical signs elicited. Two days later the patient 
was and about but complained head: iche. also noticed some difficulty 
judging position and distance taking light for his cigarette from 
other patients. X-ray revealed large nut skull. 27.9.43, headache more 
severe transferred the Brain Injuries Unit. Examination showed 
raised area scalp surrounding small infected crescent- -shaped wound about cm. 
long and with some discharge pus. Cranial nerves: Intact. Right eye J4, 
left eye Complete left homonymous hemianopia confrontation, Fundi 
normal. VI, pupils equal, reacting normally light and 
apparent defect oculo-motor mechanism. Other cranial nerves showed 
abnormality. Slight neck rigidity but Kernig sign. Motor power equal both 
upper and lower extremities. abnormal sensory findings. Reflexes: 
flexor plantar response. Abdominals present and equal 
both sides. Lumbar puncture: Initial pressure 240 mm. water. Fluid slightly 
yellowish. Cell count Lymphocytes. Total Protein: 

Stereoscopic X-rays skull (28.9.43) showed metallic foreign body consisting 
hexagonal nut about in. diameter with short length screw-headed 
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bolt projecting from its upper lateral surface. fissures extended 
skull fracture. Beneath the foreign body and lying around were large number 
small bony fragments. 3.10.43, wound was discharging more freely; pus 
quite evidently arising from around the 4.10.43, limited 
craniectomy, removal foreign body, external drainage septic cavity right 
occipital lobe (Mr. considerable quantity pus and necrotic 
brain substance were removed. Healing slow but satisfactory. Wound healed 
slowly granulation from base cerebral cavity. 

Visual fields were charted intervals between 29.4.43 and 5.11.43, 
there was considerable expansion the field both left upper 
metric fields (31.12.43) with 5-mm. white test object 330 mm. are shown 
fig. will seen that the defect still virtually complete the lower left 
quadrants and recovery the right upper quadrants only partial. 

The patient first reported difficulties finding his way about the corridors 
and had led the bathroom. rapidly improved and the patient there- 
after learnt his way about the hospital without undue difficultv. did, however, 


Fic. fields Case 


complain some trouble perception, notably tendency neglect 
objects his left-hand side and slowness reading the time. said was 
obliged attend each hand the clock separately and work out the result. 
tests, reading the time was slow but accurate. 

Examination revealed visual object colour agnosia, finger agnosia and 
disorientation for right and left. signs apraxia apart from specific con- 
structional difficulties under visual control which are discussed below. Blink reflex 
absent “threatening” stimuli introduced into the visual field from the left side. 
difficulty estimating absolute and relative distance central vision and 
appreciation depth intact. Constancy apparent size objects with changing 
distance and apparent shane with changing orientation was shown experimentally 
within normal limits. The patient was able correctly place dot the 
centre circle and compare the relative lengths short lines with normal 
accuracy. could judge absolute length lines without gross error. But 
had considerable trouble joining two points in. more apart straight 
line. could bisect vertical and oblique lines with reasonable accuracy but 
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with horizontal lines always made the left-hand portion relatively 
Other aspects visual perception and construction are considered the following 
section. 

There were complaints speech trouble and tests revealed dysphasia 
any language field. Recognition letters, words and phrases unimpaired and 
reading normal apart from the oculo-motor difficulties described 
comprehension was perfect. writing, grammar and spelling were unimpaired. 
But samples writing obtained shortly after admission showed marked failure 
maintain the lines parallel the top the paper. sloped acutely 
downward and the right. Individual words were times out proper alignment. 
The patient fully appreciated this defect his handwriting but was unable 
correct it. Some improvement the lay-out his writing the paper was 
observed during his stay hospital. Calculation was unaffected throughout. The 
patient’s general memory was good but there were occasional complaints absent- 
mindedness. Retention tests (Zangwill, 1943) showed that verbal learning was 
normal but performance the Rey-Davis (positional learning) test was severely 
impaired. Formal verbal intelligence level was low-average. Vocabulary Score 
(Terman, 1919) 5i. Sorting Tests (Goldstein and 1941) 
constructional factor are examined the next section. 

Residual disabilities discharge (17.1.44) were left-sided field defect, residual 
difficulties high-grade visuo-spatial tasks. general intellectual deterioration 
personality change. 

Locus upper borders the supramarginal and 
the right side were damaged the surface and their deeper connections 
interrupted the in-driven bone fragments depth just over in. The 
lesion was circumscribed and there was minimal general contusional damage. 


detailed investigation was made the high-grade visual and con- 


ANALYSIS CASE 


structional disabilities this case. These disabilities were three main 
there was impairment visual perception (relative 
hemianopia and disorientation) the left upper quadrants and tendency 
neglect the left half visual space. These defects shall term 
unilateral visual symptoms. Secondly, there were abnormalities oculo- 
motor co-ordination reading and other tasks demanding 
pattern and sequence eye-movements. These shall term oculo- 
motor symptoms. there was complex disorder affecting per- 
ception, appreciation and reproduction spatial relationships 


central field vision. This disorder, shall show, was part 


least independent the oculo-motor symptoms, and was studied 
variety experimental settings. The findings will considered collect- 
ively under the general heading disabilities. 


UNILATERAL VisuAL SYMPTOMS. 


Visual patient showed abnormality visual 
localization his admission the Brain Injuries Unit. Orientation 
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central vision was intact and localization normal all planes space. 
But with partial recovery the left homonymous hemianopia obtained 
good evidence spatial disorientation confined upper 
quadrant the binocular field. Confrontation tests showed that object 
perceived this portion the field was commonly displaced downwards 
and inwards and its absolute distance over-estimated. 

Analysis visual Coronal plane: The patient was tested 
with the screen-method devised Holmes and Horrax (1919) and the errors 
localization fully recorded. The results left doubt marked differential 
effect the accuracy localization between the left and right quad- 
rants the binocular Sagittal plane: employed here 
apparatus which allowed presentation object standard 
the upper left and then the upper right quadrant the binocular fiéld. ‘Tests 
were made with the standard object 250 mm, and 1,000 mm. from the 
eyes. The patient assessed the absolute distance the object touching with 
the tip his finger pointer. procedure was followed and 
the statistical significance the results computed. These cannot given 
detail here, but was found that the case the affected quadrant there was 
statistically significant tendency over-estimate the distance the test-object 
250 mm. and under-estimate its distance 1,000 mm. 

may note that tendency under-estimate the distance very 
near objects has been noted several cases visual disorientation 
(Riddoch, 1917; Holmes, 1918, 1919; Holmes and Horrax, 1919; Riddoch, 
1935). certain cases, moreover, opposed tendency estimating 
distance more remote objects has also been reported (Holmes, 
Holmes and Horrax, 1919). Our present results provide quantitative con- 
firmation these observations. 

Visual recovery the left homonymous hemi- 
anopia allowed demonstrate hemianopic attention defect the left 
upper quadrants. This was fully investigated 
technique. 

Analysis attention visual material (designs, letters, &c.) was 
exposed for 0-2 0-5 sec. either the left right upper quadrant the 
binocular field both simultaneously. Exposure was arranged that the 
material could readily perceived central vision. was found (1) that per- 
ception.in the affected quadrant was retarded; and (2) that when two designs were 
exposed simultaneously one either side the fixation point and slightly 
above only the right- hand design was appreciated. This obtained repeated 
exposures and under conditions which the left-hand design, exposed alone, 
was readily perceived. 

The results tachistoscopic tests demonstrate clearly unilateral 
impairment the perceptual process. stimulus applied the affected 
side perceived when given isolation but fails perceived when 
second stimulus applied simultaneously the unaffected side. may 
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note passing that the term “attention defect” applied phenomena 
this type unsatisfactory. Strictly speaking, the patient attending 
neither stimulus but the central fixation point. His failure 
appreciate the stimulus the affected side must ascribed 
unilateral restriction the perceptual process itself. 

Agnosia for the left half have mentioned that there was 
first marked tendency neglect the left half visual space. The 
patient often collided with objects his left which had clearly per- 
ceived few moments before. was liable table knock over dishes 
his left-hand side and occasionally missed food the left his plate. 
commonly failed attend the left-hand page turning the pages 
book and reading lines disconnected words commonly omitted 
the first word two. The patient soon developed insight into this dis- 
ability and recovered completely before his discharge. 

Special investigations left-sided Clock tests: The patient was 
given large wooden clock-dial (diam. in.) and asked set series settings 
oral and printed request (Head, 1926). errors were made setting the hour 
hand. But the minute hand was set the right instead the left-hand side 
the clock-face per cent. tests. Thus when asked set the clock “20 
which was certainly not due impaired comprehension memory, may related 
visual (Brain, (2) Pointing tests: number objects 
the room were arranged round the patient. was instructed 
point each object turn. With eyes open errors were made. With 
closed, the othe: hand, there was once general shift towards the right-hand 
side. Thus when asked point the object his extreme left the patient often 
pointed straight ahead. Other objects his left were displaced accordingly. 


SYMPTOMS 


has already been stated that pupillary reactions were normal and 
defect the oculo-motor mechanism could demonstrated routine 
examination. There were gross difficulties fixation. Yet reading, 
the patient’s eye-movements showed markedly ataxic features. The 
patient constantly lost his place and had great difficulty shifting fixation 
from the end one line the beginning the next. The actual eye- 
movements reading were obviously erratic and atypical. Some compen- 
satory use head-movements was also observed. 

Similar difficulties were observed tests counting scattered objects 
the visual field. Performance was slow, laborious and inaccu- 
rate. was noted that allowing the patient use his forefinger 
counting did not materially assist performance, 
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DISABILITIES 

Visual patient was able recognize and name simple 
geometrical forms and patterns. Tachistoscopic examination, the other 
hand, suggested that there was some defect form perception the 
unaffected half the visual field. 

tests: Visual material comprising groups dots was exposed 
central vision just the right the fixation point. was found that the patient 
readily appreciate and reproduce regular groups but irregular groups gave 
and were much distorted immediate reproductions. 

There were difficulties perceiving pictures and the patient could 
readily detect incongruous features otherwise consistent representations. 

Picture interpretation tests: Interpretation the picture material the Stanford- 
Binet Intelligence Scale was normal adult score was obtained 
the McGill Picture Anomaly Series, Form This well within the normal 
range (Hebb, 1941). 


Fic. 2.—Copy Snellen Chart Case 


unexpected agnostic factor was well brought out the following 


test 

Cube-analysis test: The patient was shown solid cube built out one-inch 
square blocks. was asked find out how many blocks were contained the 
large cube without dismantling it. His answer first two trials was 
was noticed that the patient not only neglected the left-hand third the cube 
blocks) but also counted only facets the immediate field vision. Further, 
view the fact that the top row blocks was counted was plain that 
the patient was counting individual facets and not whole blocks. The total 
was reached facets the front elevation and the top. With 
many repetitions and some help eventually reached the correct total. 
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Copying and patient could copy simple geometrical 
figures quickly and accurately. More complex figures, the other hand, 
gave much trouble and were seldom completed. Not only was the left 
side design often omitted, but there was much confusion regard 
the various parts and aspects the figure special case 
disorientation copying shown fig. (Snellen Chart). One may note 
the irregular alignment the letters and their dissociation 
from the framework the chart itself. 

was found that the patient could draw the simplest geometrical 
figures from memory without and the results were well within 


normal limits freehand accuracy. the other hand, the patient failed 
badly attempting draw rhombus and was quite unable reproduce 
His drawings common objects from memory showed striking 


anomalies which were analysed some detail. 


Analysis drawings.—This revealed the following salient traits: (1) Abnormal 
representation perspective and depth: This was evident throughout. drawing 
chair, for instance, the patient reproduced all the parts but hopelessly out 
proportion and with perspective effect. (2) Confusion Planes were 
constantly confused that conflicting orientations and points view featured 
the drawings. drawing bicycle, both frame and handlebars were drawn 
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the same plane. drawing destroyer, the patient started side view. When 
putting the guns, however, treated the side the deck and thereby shifted 
aerial view. drawing rowing boat, again, both oars were introduced 
the near side. The patient never recognized these errors. (3) Anomalies 
relative size and articulation: drawing complex object representation relative 
size and inter-relationship the component parts was grossly defective. Thus 
drawing bicycle the saddle might appear much than the wheels. out- 
standing example loss coherence drawing shown fig. Here the 
head and neck the “horse” are completely dislocated 
(4) Piecemeal approach: was noted that the patient always drew complex objects 
scenes item item and detail detail. appeared lack any real grasp 
the object whole. Even where general framework was put first, moreover, 
one drawing destroyer, details were related very imperfectly it. Thus 
one the guns the ship was drawn mid-air well above the outline the deck. 


These drawings illustrate very clearly the inability when 
drawing maintain consistent orientation the perceptual field. The 
piecemeal approach was especially striking and, shall show, char- 
acterized the patient’s response wide range tasks 


situations generally. 
Assembly and construction.—We made detailed studies the 
ability copy, reproduce and assemble simple designs, patterns and 


mosaics. The tests were selected stress proper appreciation spatial 
relat.onship and its adequate reproduction. The main results 
briefly summarized. 


Analysis constructive ability Stick tests: The patient was required 
with match-sticks simple model laid the table front him. 
Goldstein and Scheerer, 1941, for details procedure.) was found that simple 
and regular figures requiring three four matches only could readily copied. 
But more complex patterns (e.g. hexagon star) gave the greatest trouble and 
were seldom completed. (2) Block-design tests the Kohs (1927) type 
were given intervals. The patient was always able construct the first design 
the Kohs series but :ould never complete any the remainder without special 
help. Some improvement was noted during the patient’s stay hospital, but when 
re-tested shortly before his discharge the impairment was immeasurably greater 
than commonly found cases cerebral lesion without specific agnostic 
apraxic disabilities. (3) Assembly tests: number tests were devised which 
the patient was required merely copy the arrangement few objects coins 
sheet paper. the Coin and Paper tests, was found that errors 
relative position the coins regard both one another and the itself 
were rather common. These errors were even more marked the patient was 
required reproduce the arrangement from memory. 


The results these tests agree principle with those already des- 
cribed drawing. One may note that the patient not only made mistakes 
constructing actual patterns but also when was merely requested 
reproduce the relative positions objects with reference 
ground. 


DISORDERS VISUAL SPACE PERCEPTION 343 


Completing capital letters—The patient was always able print any 
Cc 

given letter the alphabet spontaneously dictation. But were 
shown unfinished capital letter and asked complete was often 
unable so. Knowledge what the letter was way improved 
performance. 

Letter completion shows some examples the patient’s attempts 
complete unfinished letters. Fig. (a) shows the letter printed dictation, 
and fig. (b) and (c) two attempts complete the same letter when presented with 
part and told its name. Fig. (d) shows printed the patient and fig. 
(e) attempt complete the same letter. 

Orientation and plan had some initial difficulty 
learning his way about but this rapidly improved and seldom 
lost his way after the first two weeks hospital. could describe his 


(a) 


(a) (e) 
(Thick lines Model. Dotted lines attempts completion.) 


ward and routes followed routine hospital life with tolerable accuracy. 
When asked draw these, the other hand, performance was grossly 
inadequate. 


Plan asked Case 26.10.43 draw rough ground plan 
his ward. The shown fig. (b) and may compared with similar 
plan drawn ourselves fig. (a). The patient was quite unable to. start the 
accustomed blocking out the floor. After much hesitation, drew 
small square roughly the centre the paper for the table (T). then 
drew the rectangle for his bed. Next rotated the paper through degrees 
and put the door (D) and fireplace (F). These connected thin lines with 
his own bed. then added further beds (B2-B5) and the sink (S). was far 
from satisfied with this attempt but unable specify errors improve upon 
any way. 


Fig. clearly shows the patient’s inability represent room 
unified framework with reference which individual fittings and articles 
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furniture are properly disposed. The individual objects are introduced 
piecemeal and only those close proximity are spatially interrelated 
the plan. 

The patient could describe the lay-out his own house and familiar 
routes his home surroundings with fair accuracy. But his representa- 
tion this was similarly defective, showing the lack spatial scheme 
frame reference topographical drawing. The piecemeal procedure 
led the rooms being drawn one one without proper spatial articula- 
tion. The corridor was not properly related the rooms, one door was 


B3 


Fic. 5.—Ground-plan ward drawn Case 


dissociated from its setting and second reduplicated. Anomalies 
relative size were striking throughout. 

Paper-cutting.—The patient was quite unable cut out four-pointed 
star with scissors from piece plain paper (Poppelreuter’s Test). 
also failed grossly the paper-cutting tests the 9-year level the 
Stanford-Binet Scale. 


Stanford-Binet paper-cutting the first part the test six-inch square 
paper folded once through the middle and small opening cut the centre 
the creased edge. The patient was asked represent second sheet 
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paper the position and appearance the cut and crease these would appear 
the first piece when unfolded. This test gave the greatest difficulty. The patient 
eventually drew narrow rectangle oriented vertically about halfway down the 
paper and very close its right- border. The crease was then drawn 
zontally but passing about half inch below the lower edge the rectangle. The 
second part the test, which the square paper folded twice, could not 
managed all. 

tests intelligence but failed utterly tests involving 
structional element (e.g. Kohs’ Blocks). order exclude the con- 
structional factor, its overt aspects Jeast, tested the patient with 
(1938) series Progressive Matrices. 


Matrices total score was (increased special prompting 
technique). Scores Sets to’E inclusive were and There was 
tendency select items the right rather than the left each page. 


There can absolutely doubt that this performance reflects 
very gross deterioration the presumptive previous level. shows 
also that performance what may loosely called “perceptual” tests 
intelligence grossly affected whether not actual manipulation 
the material demanded. Some implications this finding are con- 
sidered Section VI. 


Healthy man, aged Sustained compound 
fracture skull right occipito-parietal region from kick runaway pony 
immediately unconscious but hospital was 
stuporose. occasion, however, opened his eyes, looking around him and 
made some inarticulate noises. Physical findings scanty—pupils reacted normally 
light, all eye movements were full but divergence the eyes was noticeable. 
Some slight with loss tone and movement sight side face 
indicated right peripheral facial palsy. The right ear drum perforated. 
Motor and sensory functions intact elsewhere. Reflexes normal apart from absence 
left abdominals. was under pressure 300 mm. and moderately blood- 
stained. 

The patient was treated free removal fragmented bone and 
quantity damaged brain tissue (Mr. Alexander). satisfactory, but patient 
had signs mild meningitis from fourth eighth day controlled 693. 
Was somewhat confused during this period but remained tolerably well oriented 
all spheres. pressure remained high (270 mm.). 

Neurological examination (8.2.43).—Co-operation satisfactory although difficulties 
ocular fixation very marked. Despite this, good evidence left homonymous 
hemianopia confrontation. V.A.R. uncorrected: 6/6; J6. V.A.L. uncorrected: 6/6: 
other neurological signs. pressure: 150 Fluid clear and 
Attempts ade this (and many subsequent) occasions chart visual 
fields unsatisfactory owing gross difficulty maintaining fixation. 

Speech was ted and writing normal apart from pronounced inability 
orient lines consistently the page. Mental arithmetic (100—7 test) poor but 
mistakes multiplication tables and general good evidence focal dyscalculia. 


we 
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dysphasic alectic signs reading but considerable disorder fixation and 
sequence. The patient constantly lost the place despite spontaneous 
use forefinger help follow the lines. object colour agnosia, finger- 
agnosia, disorientation for right and left. Probably some small degree 
agnosia for left half visual space and definite tendency deviate unwittingly 
the right walking. apraxia apart from constructional disabilities examined 
below. absolute and relative distance central vision unimpaired. 
Constancy apparent size test objects with varying distance and apparent 
shape with varying orientation shown experimentally lie within normal limits. 
Special disabilities visual perception and synthesis are considered the following 
section, 

General memory good throughout but patient reported some trouble learning 
his way about the wards and mistakes were made recognizing rooms (see below). 
Rote verbal learning (Zangwill, 1943) first little impaired. Verbal intelligence 
level average. Vocabulary (Terman, 1919). Score: 58. Sorting tests (Goldstein 


and Scheerer, 1941): definite abnormality. Stanford-Binet (1937) Revision: 
1.Q. 91. (Scatter: The patient was mildly euphoric for about 
eight weeks following his injury. lack insight into his disabilities 


generally. was emotionally labile and prone catastrophic reaction. The 
patient had formerly been skilled amateur watch and clock repairer and this had 
been his main hobby. visit home shortly before discharge attempted 
regulate his own clock with conspicuous (and him entirely unanticipated) lack 
success. 

Air-encephalograpy (14.3.43).—Excellent ventricular filling. There was well- 
circumscribed atrophy brain tissue right parieto-occipital region causing 
gross local enlargement lateral ventricle. 

Residual disabilities discharge (20.3.43) were left-sided field defect, residual 
ocular fixation and spatial-constructional disabilities. Some increase emotionat 
lability and proneness excessive fear reaction. 

The patient was re-examined two months after discharge just prior return 
work. Had made good progress but reported trouble fine 
lative work (watch repairing). further re-examination one year after discharge 
found the patient much the same general condition. The left homonymous field 
defect was unchanged but ocular fixation was rather better. The with 
watch repairing persisted and there were slight residual handicaps keeping 
place reading—especially musical notation. Disability 
tests (e.g. Kohs’ Blocks) was still pronounced. The patient also reported grear 
difficulty finding his ‘way the dark and was often disoriented famibar 
surroundings the black-out. 

Locus angular gyrus the right side was much damaged, 
was also the adjacent anterior part the occipital lobe. Considerable loss brain 
substance resulted, shown the porencephalic dilatation the right lateral 
ventricle this area. General damage was minimal. 


CASE 
Ocular fixation Case was erratic and that 
detailed examination visual perception the homonymous half fields 
was possible. What evidence have suggests that there was left 


homonymous hemianopia—complete apart from small degree 
central sparing the left upper quadrants. There was also some indica- 
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tion tendency neglect the left half visual space but this was far 
less pronounced than the previous case. Case was never known 
neglect the left-hand page book the left half picture. Our 
analysis will therefore restricted the oculo-motor symptoms and the 
closely associated visual and constructive disabilities. 


OcuLo-MoTOR SYMPTOMS. 

The disorder fixation was shown two principal ways: the first 
place, the patient could not readily fixate object introduced from either 
side into the extra-central field vision. His eye movements were un- 
systematic and trying bring the image the object the macula 
often overshot the mark. And the second place, the patient was 
unable sustain fixation given stimulus for any time and his 
voluntary control this function was clearly deficient. Indeed gave 
the impression being selectively far fixation was 
concerned. The abnormal distractibility was very marked examination 
the visual fields. Thus the patient appeared quite unable attend 
the fixation point and test object simultaneously and soon 
perceived the latter tended deviate towards The patient 
was himself unaware this tendency and quite unable control 

The anomalies ocular co-ordination reading which have been 
described Case were first very much more marked the present 
case. Indeed reading coherent material was barely possible owing 
the frequency with which the patient lost the place and the trouble 
had following the lines their proper order. Visual counting 
scattered objects was likewise impaired and allowing the patient use 
his forefinger did not improve his performance. 


DISABILITIES. 

patient was able recognize and name 
geometrical forms and patterns. could appreciate pictures 
perfectly normal manner. 

Picture interpretation satisfactory response was given all the picture 


material from the Stanford-Binet Scale. The patient scored the McGill picture 
anomaly test, Form which well within the normal range. 


Some defect, the other hand, could readily shown perceptual 
tasks demanding higher degree analysis abstraction. was 
well brought out the Cube-Analysis and kindred tests 


This general type fixation difficulty has been well described and analysed 
Holmes (1938). 
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Cube-analysis test—This test was given exactly the same manner has been 
described our analysis Case patient arrived total blocks 
(instead 27) several consecutive was found that counted correctly 
the blocks the front elevation which added from the top surface. 
then repeated this procedure for the remaining three sides each case adding 
the top blocks. thus arrived the grand total blocks. was evident 
throughout that the patient had clear conception the structure the large 
cube and unable analyse into its component also interesting 
note that counted only those rows blocks the immediate field vision 
and could not relate the contents the successive perceptual fields, except 
naive additive manner. 

Copying and drawing.—We found that Case could readily copy very 
simple geometric figures (e.g. square circle) but more complicated 
figures gave him the greatest difficulty. Thus his copies rhombus 
were very distorted and broke down very badly attempting 


copy design,such shown fig. (a). 


(a) 


Fic. 6.—Copy design Case 2—(a) Model: (b) Reproduction. 


The patient was able draw simple geometrical designs from 
memory but could not represent tri-dimensional figure such cube. 
drawing common objects, performance was general strikingly similar 


Analysis general nature the disability very clearly brought 
out the series reproduction from memory bicycle shown fig. 
the first attempt (12.2.43, fig. (a)), the patient was somewhat unwilling try but 
eventually sketched out very rapidly the figure shown. was plainly dissatisfied 
with this result but could not specify any particular error any way improve 
upon it. will seen that the salient parts the machine are present but the 
spatial orientation disordered. the frame drawn the frontal 
plane and the wheels the horizontal. The next attempt (18.2.43, fig. (b)) 
shows much the same confusion planes and the back wheel (except for the hub) 
omitted. The third attempt (23.2.43) shows some improvement: wheels and 
frame are represented consistent plane, the frame technically complete and 
more detail introduced. But the articulation component parts remains grossly 
upset. will noted especially that both mudguards are prolonged beneath the 
wheels and both pedals placed side side. The patient entirely ignored the 
orientation the wheels with reference the ground when drawing the mud- 


| 


DISORDERS VISUAL SPACE PERCEPTION 349 


guards. The patient was notably pre-occupied with minute detail and had 
dissuaded from fine representation the chain-links and forth. final 
attempt (8.3.43, fig. (d)) shows considerable improvement and, despite some out- 
standing errors, falls within the lower range normal freehand performance. 


wish comment especially the disorder spatial orientation 
this series drawings and the very poor articulation individual 
parts the machine which were themselves drawn recognizable form. 
The gross errors this case were particularly striking view the fact 
that the patient had had previous. experience mechanical drawing. 

tests visuo-constructional type may briefly summarized 


Analysis constructive Stick tests: Copying simple and regular 
match-stick designs was fair but there was marked difficulty building 


44) 


(a) 12.2.43; (b) (c) 23.2.43; (d) 8.3.43. 


shaped figure from model with eight matches. Irregular patterns formed 
matches gave the greatest difficulty and errors were rather gross. (2) Mosaics: 
The patient could copy the first design the Kohs’ series but when first tested failed 
hopelessly the remainder. later (7.2.43) performance 
improved but there were gross errors spatial orientation. These involved not 
only the relative positions individual blocks but the orientation the pattern 
whole regard the major planes space. Re-tested one year later, 
was found that performance had further improved but remained well below the 
lower limit the normal adult range. The patient was excessively prone 
catastrophic behaviour these tests. (3) Mechanical aptitude tests: These tests 
were kindly made available Mr. Farmer the Cambridge Psychological 
Laboratory. They involve assembling simple lock from its component parts 
putting together simple meccano models. The patient could assemble the lock 
slowly but accurately. showed moderately good comprehension the mechanical 
principles involved the meccano models but had striking difficulties actual 
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explained correctly how two cogs should engage one another 
but attempted mount them both the same axle. 

There can doubt from these results that the patient was very 
severely disabled the visual-constructional sphere. assessing his 
performance, however, important bear mind his difficulties 
ocular fixation and oculo-motor co-ordination generally. The general 
trend error, nevertheless, virtually identical our two cases and 
the oculo-motor symptoms Case were far less outspoken. both 
cases, therefore, disorder perceptual analysis with 
associated constructional apraxia must postulated. 

Orientation and plan drawing.—We have mentioned that Case (on 
first getting up) had difficulty finding his way rooms adjoining the 
ward. was observed confuse left and right turnings but con- 
sistent preference for left right was evidence. There was further 
marked difficulty recognizing rooms which the patient 
present for interview and examination number This 
uncertainty recognition persisted for weeks after full 
recovery from the confusional state. 

Analysis recognition patient, when asked whether recognized 
given room (in which had been interviewed least once), commonly looked 
around -him and picked out individual objects and pieces furniture familiar. 
But commonly said that their arrangement was not the same 
before and therefore the room must different one. Once twice, however, 
argued that the room was different because certain piece furniture (in fact 
present another room) was not evidence. The patient never made mistakes 
identifying the pieces furniture and special tests was always 
able recognize with confidence small objects pictures presented once and 
re-presented few hours days later. His mistakes always bore the 
relationship objects their wider spatial setting. 


The patient could describe the general lay-out the ward with 
reasonable accuracy. There was, however, some difficulty formulating 
its precise relationship adjoining wards. These difficulties were even 
more pronounced tests ground-plan drawing. 


Plan drawing.—The patient, when asked draw his ward outline, correctly 
blocked out the plan before attempting put individual objects. But failed 
place the doors the ward their respective positions and orient the ward 
whole with reference the adjacent corridor. One the many 
attempts reproduce the ground-plan his own house shown fig. (b) and 
may compared with plan kindly sketched for his wife (fig. (a)). 
The patient began with the front door (D) and the passage from it. then 
drew the small rectangle (B) for the bedroom followed the “bathroom” (Ba) and 
“sitting (S). The orientation these rooms with reference the corridor 
clearly inaccurate. When asked about the right-hand side the plan, the 
patient admitted that another room should there but excused its omission 
the ground that was “unoccupied present.” our request, added the 
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Fic. 8.—Ground-plan House Case 2—(a) Drawing patient’s wife; 
(b) Drawing patient. 
LXVU. 
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(Sc) and the road (R) which fact runs parallel the front the 
building. 
These plans clearly difficulty encountered the patient 


constructing and applying uniform frame reference. were able 
record some improvement his plan-drawing during his stay 
hospital but the performance remained greatly inferior that his wife. 

always failed test and also 
the subtests the 9-year level the Stanford-Binet Scale. 

extremely poor despite good co-operation. 

Matrices test.—Total score was (raised special prompting technique). 
below the normal adult range and certainly much inferior the presumptive 
previous level. 

Let first consider the unilateral visual symptoms. These comprise 
the left upper quadrantic disorientation and attention defect Case 
and the left-sided spatial agnosia shown markedly Case and 
smaller degree Case regards the disorientation, have little 
say beyond the fact that conformed all essentials the pheno- 
menon described Riddoch (1935) and Russell Brain Our 
only novel contribution has been confirm quantitative technique 
the reported tendencies over-estimate the distance very near objects 
and under-estimate that objects further away. This reversal the 
direction error with increase absolute distance interest view 
Russell Brain’s suggestion that visual perception space within and 
without arm’s reach may subserved different central mechanisms 
liable, perhaps, selective impairment. our own case, the magnitude 
error was approximately the same under the two conditions but its 
reversal direction demands explanation. 

The unilateral visual attention defect Case was the standard 
type much studied Poppelreuter (1917) and others during the last war 
and does not call for further comment. The left-sided spatial agnosia, 
the other hand, requires more detailed consideration. the first 
place, the symptom appears peculiar cases with right-sided lesions; and, 
the second place, was prominent only one our two cases both 
whom showed otherwise comparable visual and constructive disorders. 

The tendency neglect the left half visual space was clearly 
important factor Case spatial troubles. Thus one may recall his 
proneness collide with objects his left, his neglect the left-hand 
page book, and his peculiar behaviour setting the time clock. 
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But appears most unlikely that this factor was solely responsible for 
his visual-spatial disabilities. tachistoscopic experiments, the 
reproduction the material was defective even when was exposed well 
the right the fixation point. copying from model, errors were 
constantly made which could not referred neglect the left side. 
One may recall, particular, the copy the Snellen Chart (fig. 
which the letters are consistently displaced the left. the Kohs’ 
designs, further, the simplest model was correctly copied without om,s- 
sion the left-hand side whereas more difficult designs given under 
identical conditions provoked widespread disorganisation response. 
are therefore obliged conclude that further factors were involved 
the visual-constructive derangement. 

Two further points bearing agnosia for the left side space 
demand brief comment. the first place, the symptom was not assoc- 
iated with disorders the body scheme the cases reported Russell 
Brain (1941). Case never neglected the left half his body and used 
his left hand normally when occasion demanded. the second place, 
unlikely that the patient’s initial difficulty learning his way about 
was wholly due consistent preference for right-hand turnings. Case 
whose difficulties this sphere were very similar, certainly showed 
such consistent preference. may also remark that the somewhat 
parallel case Scheller and Seidemann (in which agnosia for the left side 
likewise present) the patient lost his way occasion through failure 
notice doorways his right side well his general, 
appears wiser conclude that difficulties route-finding may due 
variety factors which vary relative predominance from case 


regret that our analysis inadequate for proper assessment and 
interpretation the symptoms shown both cases. 
hope future studies obtain photographic eye-movement records 
patients this type. Pending this, all conclusions must necessarily 
tentative. Our present observations, nevertheless, leave doubt 
the fact that specific lability ocular fixation was present Case 
and that both patients showed characteristic anomalies oculo-motor 
pattern and sequence reading. The fixation trouble Case would 
appear reflect central interference with the visual reflexes the type 
described Gordon Holmes (1938). Holmes’s cases, those 
Ozechowski and Erb (quoted Holmes, 1938), the eyes oscillated 
about the object whose image attempting fixate and the follow- 
ing letters and lines reading was inaccurate. These disabilities, 
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according Holmes, are ascribed impairment the oculo- 
motor reflex centre the occipital lobes. Case the other hand, 
the reading disorder less easy interpret. This patient had dis- 
order fixation and apparent abnormality the oculo-motor 
mechanism routine neurological examination. may suggest two 
tentative explanations his oculo-motor symptoms which need not, 
course, mutually exclusive. the first place, one might postulate 
primary apraxic disorder eye-movement co-ordination and control. 
And the second place, one might envisage the disorder secondary 
consequence defective visual localization. This was the view expressed 
Holmes (1918) account for the fact that certain patients with gross 
disorientation are able readily fixate objects held their own hands 
specified points their own bodies. But, have seen, this view 
Open serious criticism. any our present observations not 
permit definite choice between these two lines explanation. Case 
was not course grossly disoriented and view his excellent fixation 
perhaps tempting relate the oculo-motor symptoms (as Scheller 
and Seidemann have done) the wider perceptual disorder. Adequate 
interpretation must, however, await fuller experimental studies. 

Let now turn the visual-constructive disorders. have seen 
that visual perception, many aspects least, was not affected. Both 
patients could recognize form and colour and both could appreciate depth 
and distance central vision. Complicated pictures were described and 
interpreted perfectly normal fashion. The patients were also able 
compare the relative lengths lines and discover whether two super- 
ficially similar patterns designs were were not identical. our 
cases, those Lhermitte al., permissible conclude that 
form and pattern could perceived normally and that implicit awareness 
spatial relationship was not affected. But the general picture very 
different when turn perceptual situations which demanded not 
merely passive awareness spatial relations (as perceiving 
analysis spatial structure. This 


but some measure plicit 
was well brought out the Cube-Analysis Test. Performance here, 
true, was complicated Case the left-sided agnosia and Case 
fixation trouble. But both patients showed striking 
perceive (or reason out) how the large cube was constructed. the 
letter-completion tests, again, the patients were often unable visualize 
otherwise represent the missing portion letter its proper position. 
the paper-cutting tests, may likewise recall that neither patient 
was able describe draw the appearance the folded paper when 
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opened out. therefore appear confronted with relatively 
high-grade defect spatial analysis the visual sphere. 

evident both our cases that the disorder spatial analysis was 
particularly well marked whenever executive constructional response 
was demanded. This was demonstrated again and again our special 
tests and especially well brought out the tests assembly and con- 
struction. was obvious these tests that the patients were quite unable 
abstract salient spatial the model and reproduce them 
consistently from the given elements. disorder this type can course 
represented constructional apraxia and have hesitation 
treating the symptoms from this point view. may, however, point 
out that constructional apraxia has hitherto been reported for the most 
part cases with bilateral (and often diffuse) cerebral lesions cases 
with predominant involvement the parieto-occipital area the left 
side. are not the disorder has hitherto been analysed 
detail cases with well-localized lesions the right cerebral 

important recognize that neither our cases presented motor 
ideational apraxia those Lhermitte and Trelles (1933). 
view the locus the lesions, would have been most surprising 
had they done neither case showed finger-agnosia dis- 
orientation for left and right. The former symptom was present 
greater less degree all six Mayer-Gross’s cases and the latter 
four (Mayer-Gross, 1936). These factors cannot therefore have played 
any part the constructional disabilities the present cases. 

full explanation the constructional impairment beyond the 
scope the present paper. may, however, point out that the defect 
perceptual analysis which has been described above was certainly 
important factor and the oculo-motor symptoms may well have been 
added complication. Whether further, and more genuinely apraxic, 
component must also adduced question present 
answer. establish conclusively the existence such factor would 
necessary show that constructional disabilities may occur the 
absence high-grade visual symptoms. our view, this has not yet 
been adequately done and may not, fact, possible. 

further characteristic our patients’ performance construction 
and drawing calls for brief comment. This have the 


perhaps place comment that Hebb (1939), working from more 
purely psychometric standpoint, has reported gross selective breakdown standard 
“performance” (visual-constructive) tests intelligence case extensive 
from the right temporal lobe 
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details but want power unite them into coherent whole” 
(loc. cit., italics ours). But must borne mind that all Head’s 
cases showed comparable defects other (i.e. non-visual) fields. They 
were unable appreciate the wider significance pictures and print and 
the general intention act performed. There was considerable 
impairment relational thought and the patients were often unable 
appreciate the relative value coins. Disorientation for right and left 
was observed several the cases and practical difficulties orientation 
and route finding were general more pronounced than the cases 
reported here. need scarcely add that frank dysphasia was also 
present. 

The “semantic” disorder our cases was clearly restricted visual- 
spatial activities and functions. Indeed can properly considered 
dissolution pensée spatiale the sense Lhermitte. regards 
the visual-spatial disorder itself, however, the symptoms appear essentially 
the same unilateral parietal lesions either hemisphere and hope 
shortly communicate some non-traumatic cases right-sided lesion 
justify this conclusion. The difference between all these cases and those 
with comparable left-sided lesions (as series) lies above all 
the lack associated symptoms, addition absence aphasia, our 
patients had none the more specific agnostic-apraxic symptoms (such 
finger-agnosia) commonly associated with parieto-occipital lesions the 
dominant hemisphere. Our cases also differ from those with bilateral 
lesions this area maintaining intact localization central vision. 
Their unique and specific advantage lies the opportunity they provide 
for the study clear-cut patterns visual and constructive impairment 
the absence gross disorder language and symbolic thought. 


This work has been made possible the support the Rockefeller Foundation. 
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piecemeal approach. Both patients typically drew complex objects 
plans detail detail with little apparent grasp the whole and poor 
articulation the parts. One may recall, particular, Case drawing 
horse (fig. and Case 2’s series freehand bicycles (fig. plan- 
drawing, the piecemeal approach commonly led omission reduplica- 


tion individual parts and grotesque disorientation the plan 
whole. This tendency not altogether easy interpret. Seen from the 
objective side, could defined fragmentation the visual contents 
with deficient synthesis. Seen from the subjective side, the other 
tempting explain it, Scheller and Seidemann have done 
with some success, constriction visual attention (see also Paterson, 
1942). such view, might argued that the piecemeal effect arises 
from undue restriction attention one aspect the drawing with 
consequent neglect the rest. This implies neglect both what has 


already been drawn and what still remains added. 
The phenomenon “piecemeal has both spatial and 


temporal aspect. The spatial aspect emphasized 
cognition, as, for example, when Case drawing the mudguard 
his bicycle failed appreciate the spatial orientation the wheel. The 
temporal aspect displayed when patient fails relate the content 


successive visual perceptions. Thus Case drawing ground plan, 


failed relate door drawn earlier with passage drawn few 


moments later and consequence drew second door. also probable 
that factor this kind underlay Case inability recognize rooms: 
appeared unable synthesize successive perceptual fields corresponding 
successive shifts fixation and thereby build coherent scheme 


image the room whole. 


These synthetic disorders are obviously suggestive the symptoms 
clearly described Head (1926) his cases semantic aphasia. Indeed 
the difficulties spatial orientation and drawing experienced 


patients and our own appear identical. Head himself clearly recog- 


nized the piecemeal variety his special tests (cf. Head, 
1926, pp. 359-368, 71, 113, 119, 157-8, 169-70, 270). 
speaking drawing semantic cases, Head comments that: “These 


patients not rule block out the drawing but tend begin some 


one point and follow round the outline the object detail detail” 
(Head, further adds that “None this group could 
draw plan spontaneously room with which 


unimportant details might filled though salient features, such 


the windows door. were omitted. This not due lack memory 
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ANTI-CONVULSANT 
preparation soluble phenytoin supplied sugar-coated tablet for the treatment 
epilepsy. 

Eptoin Tablets are from the narcotic effects usually associated with bromides 
and barbiturates and greatly decrease the number convulsive seizures cases which 
have not responded satisfactorily other forms treatment. 

patient has already been treated with barbiturates bromides, these drugs 
should withdrawn slowly their sudden cessation before reservoir soluble 
phenytoin has been built may precipitate attacks. 

The average daily dose one gm. (14 grains) Eptoin Tablet during just after 
meals three times day. 

Supplied tablets containing gm. grains) 
Bottle 100 tablets 5/3 
Price net 


Further information gladly sent request the 


MEDICAL DEPARTMENT 
BOOTS PURE DRUG COMPANY LIMITED NOTTINGHAM 


B9IS-839 


EPTOIN TABLETS 
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